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PREFACE 


JR, LADD-FRANKLIN has written, athe course of 
1 long and bellgerent career, many vigorous articles 
‘on the subject of colour viuon ; she reauntauns that she 
‘could not do half as well again if ehe were to write afresh 
all the matter that they contain It has bees decided, 
‘therefore, toring therm out as they stand, with indications 
am sqvace brackets (chiefty footnotes) where emendutions 
were required It am remariabie, however, bow ttle 
alteration has been necersary—presumably because many 
fof the scientist who interest themselves in colour are just 
fas much in need now of the arguments that are here 
brought forward as they were at the time these several 
articlss were wnttea As ¥ Kroes bas lately sud, of luo 
fown articles of like date (Kiem Afonatsbat! far Augenhed- 
ands, 1923, D- 578, Ba 70), U8 proper ant to eler the 
reader 19 these drsctanion, for only in 2 few minor ports 
do they need to be banged 
"The topic of this beak, then, s¢ the Ladd-Franiin 
theory ufcolour Dr Ladé-Franklin has been the fret 
{and 1 still too nesely the only) physologst to woneider 
colour alnayn in the light of the development of the 
fecloursense” Thus aspect of the subject v5 frequently 
repreduced in the present volume There soemed to be 
120 good reason for exdeavounng to avoud repetition whea 
bling conatetted an eamental part of an article, The 
‘reader ean skip these repebtons rhe hier—though itis 
quite posable thet (ance it 1s bammenng that drives & 
‘ng in, and ths theory hes hed undeserved dificalty 12 
setting tall accepted) they may serve a ustfl purpose. 
‘With thus mass of argument m2 dete form, Dr Ladd 
[Frankbin cam now pase on to other aapects of the abject 
‘of coloursencation. 
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{ton oan of the minor msfortunes of xamnce that the 
Ladd-Franklm theory of the coloursearatioce should 
hhave been s0 long ms secunng reeogmation. The teary 
‘arae out for the frat tune in zBo2—an the Zachos 7. 
‘and an the Proceedings of he Ineraatonal 
Congress of Payehelagy (an well asm the pumtod 
‘programme winch sntroduoed that Congres). and & 
Kenger article appeared ummodately afterwards in Mind, 
‘The very next year Professor Bardon Sanderson, a3 
‘Prepdent of the Botish Ausoentvon forthe Advauestuent 
‘of Senet, bad ooramon to discuss at mech length an hue 
[Prendenrial address the then new tacts of colour—facts 
‘which were chyedy discovered is the luboratory’ of 
‘Rom, and in the Gacovery of hoch Dr Tadd-Franidin 
had taken part. Me sud 
“AT ofthis cam be most 
‘the Ladd-Franba thoory’ 
‘Bot the fate of theorize largely a matter of accident 
{at of Reade was fora long te obscure, That aclange 
Inns alrady takea place may be gathered from the repert 
cof Prolemor Troland (Saence, 1th Jaly, 1926) on the 
‘Appeadis wniten by Dr Ladé-Frankhn to the Engl 
fransation of Helmbolt’ Piynalapical Opucs Mesaye — 
‘A cow chapter of “Tos Nature of Ba Clout Senauon 
ty Chraes Eade Frain, fat on wapertaet ation wo the 
weume” After dncumag the yneongosens of the Hesboe 
‘theory of clout vnaa, Mee Praha woes tbe seperianss 
fof bat she call tbe Maleate Kom fact of colon? vie. 
‘Te ace eaociad 10 (Be carve of te for fubdhneal 
sisson As compute to St Ge ww that the re peu of 
‘eiromate we are” etactoe ties“ wach Ered 
‘ul ralteneations Dave not yet tees developed Mes Frushla 
oes the important sre of prteang the enact grap of the 
4 Aare oa DPE ean» Xow sean *seucn” 
ite Rena ag ties comteneet arog et 
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‘he rumen aft Mi. cmepacating to ee cadet 
{or theabeance crass agutcantporbora of the wc won 
Fiully the eqgoueis snow br wot buows dovoparta theory 
( oolans wanes aa rolatoe of tha ccntaed tice ofthe 
Wieinbo and Hawg varws Too txponisos 9 cer, room, 
Abd conrscing A chem) aglatacea 4 Peat carbonate, 
tan been sored which ben decoapocton racine accraaly 
parang Cow of toe completly dferetted okra 
outset by tb Geveopecenta sey. 

‘The fame of Helmbolte at ao great and so secure that 
hhe can well dispense with the chim to bave devised 
the satutictory eslourtheary, 12 pte of the great 
ampertance of tus work on the aubject Tn reahty he 
catributed bttle to the theory which bears the Young- 
Heimbelts name; whle the nval theory of Heung 
inflers from the complexity which xt has acquired an the 
ands of Professor Maller, n the efor: to make x explain 
ngs which t yx nat adapted to explaning, for stance, 
all the Komg-Helmbolts facts of colourcwoang, 

‘hs regards the arrangement of the article, a fll 
swath tha orginal dates of pubbixtion wall be found wt the 
end of the volume immediately Defoe the Index The 
ddscomion of the subject given by Professor Woodworth 
um hes Peyoholagy s reproduced entire (by iand permagon 
of Messrs Holt, New York. and Messrs Methuen, London) 
tw the form of an sutroductory ection, and. presents 
1m bref form the kernel of this whole book For the 
reader's converence, the Dicharary survey has bon 
placed first, since € provides & better genesal approach. 
‘han the special formolatians The ather contributions 
are in the order of thesr ongasal appearance, 1892-1927. 

It remams only to recard the Eéhtar’s indebtedness to 
‘Mesure Macmillan for parmumson to reprmt Mrs Ladd- 
Franklin's contribution on Vunon to Baldmn’'s Dictonary 
of Prypholeny, to De Casey Wood for allowing portions 
of thearisleon The Evolution Theory to be reprinted from 
the Amencen Ensyclepadse of OphBaimology, and to the 
tore of the Pryelolencal Reneg, of the Amencan 
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Jounal of Phymolopa! Opies, and of the American 
‘dition of Heimbelis’ Physieiogicat Opes (Dr. J. P. C. 
Southall) for amalar cxurtenes Fmally, we wish 0 
thank a distingushed gmduate of Vassar College, 
Mrs, Willam Reed Thompson, Vassar '77, for generously 
enabhng the volume to be stued at a pooe within the 
auch of research workers u this Seid and thus greatly 
faabtating us publication 
“Jomorn 
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INTRODUCTORY 
THEORIES OF COLOUR VISION 


(The sutyect of thus took 12 one contemons argument 
ageonst the colour therses of Heimbls and of Hering. 
‘Ay has Been said aiveady, every ther theory, with the 
‘exception of the Ladé-Prantiin theory, falls tmlo one 0 
Wie other of these feo clases ~i6 ex ether a Shree coke 
Biaory, with mo yellow and mo whale (Helms), or ut 
48 A (etrachroratic theory, with whiie added (ern). 
Bosh theones recogmce Black ws @ sensahon, aed as @ nom 
Iaght sensaton, hence se stall mot have fraquent vceesion 
1 disouse black, thongh the reader wll mois the contr butions 
‘oe the Appendse by Nefld and Michacle [1 happens 
thal the snadaquacie of the two theories are Roof the seme 
‘hind om both cases—ths facts wich Helmbolts explamns 
fare the very ones wach are contradatory to the Hering 
Bieory, and those which the Herang theory explamns are the 
very ones which ave contradictory Se the Helos theory 
Ona cam fut of sm divs wey Helmholtz contates Heng 
and “Henng contutes Helmbelts The astraoriinary 
ally Which fate two theeracs have thew, conader ng 
how snouficrent they are, cam be acccunied for only om the 
(grown that they wove devised and ardenity defended by 
lists of great ductenchion The fame of Hekate 
feapecially 42 50 greet, amd so. weit-deserned, that 1 serms 
ihe nothung less thar ese mayesté fo acwwme that there 18 
‘anything amadepuats ym bn Geary of exloar The physics, 
moreover, who alone follow Ins theory af the present day, 
sannct be got to covnder the facts of colow-sensation, 
(Wich a feud to acoownd for—aohach 9} «5 coniradscory Co. 
In tha light of the Bren development of the colost 
scone (aelly ignorad by al he other eres on the select, 
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OF the mast celebrated thoones of colour vision, the 
‘oldest, proposed by the physests Young and Helrolts, 
recogated only three choments, red. green, and blue, 
‘Yellow they regaeded as a blend of red and green, and 
white a8 a blend of all three elements The untatis- 
factory nature of ths theory 1 obvious White as 
1 weasation sa certamly not a Blend of these three colour 
sepsationt—wit 1, peectely, colourless; and no. more 
1s the yellow sensation a blend of red and green More- 
‘over, the theory cannot do justice to total colour 
Dimdneas, with te white and black bat no colours, 
‘of to sed-green blindness, wath :t8 yellow Dut no rad oF 
pen, 

‘The next prominent theory was that of the phywo- 
logst Henng He did justice to white and black by 
accepting them as clemecte, and to yellow and bine 
Inkewse The fact that yellow and blae would not blend 
he accouated for by supponng them to be antagonistic 
responses of the retwoa, when, therafore, the stumal 
for both acted together en the retma, nether of the two 
antagouistic responses could occur, and what did occur 
‘war amply the more genene response of wute (Thi 
requred hum to think thet all the bnghtocst of any 
chromatic sensation is duc to some constrsent whiteness ] 
Proceeding along the Line, be concioded that red and 


INTRODUCTORY xis 


fren were also antagoasoe responses; but just bere 
Je conmatied a wholly uaneceasry exter, m aSsoTing 
that if red and green were antagomsbe feaponses, the 
combmation of the stimuli must pve we, jst 28 with 
Yellow and biue, Accordingly he was forced to select, 
As his sed and green elementary colour-ones, two that 
‘would be compleroeniary, and this meamt a. blush 
red anda blush grec, wth the result thet bis 

"elementary ” red and green appear to nearly every one 
as compounds und not elements It would really have 
Teen ust a8 ear for Hnng to evppone that the red and. 
{ron rmpouses, antagoniaoy each ether, left the sentar 
thon yellow ; and then de could have select that red 
and green which we have coududed above to have the 
best aim [to beng unity) 

"A tra theory. propounded by the psychotogut 
Dr. Christine Ladd-Frankdm, ws based on keex enicizm 
Of the previous two, aad. seems to be harmenyous with 
all the facts She sipposea that the colour sense 18 now 
an the thord stage of its evotation In the fist stage 
the only clements were white and black: the second 
stage added yallow and bios, sod the thd stage red 
and grea. The outer 2one wf the retina 1 still wo the 
fiat “Mage, and the intermadiate sone m the wecond, 
aly the ceatral area bavng reached the thied In 
red-green bind individuals, the central area remanzs 
su the seooad stage, and wa the totally calour-bimd the 
‘whale retina 1s alls the Gro sage 

In the first siage, one response, white, was made to 
light of whatever waveleorth In the second stage, 
‘is angle response devded into two, oe azouned BY 
the loag waves [waves of low feqocacy} ond the other 
by the short (waver of hgh equency}. The rexponie 
to the long waves was the seasstion of yeliow, and that 
1 the short wave the sensition of Blue. In the third 
stage, the yelow mpaase divided sto ove for the 
Joogest wares, corresponding to the red, amd our for 
somewhat shorter waves, comesponding to the greed. 





aie INTRODUCTORY 
‘Now, when we try to get a blend of red and gree by 
‘combunmg red and green lights, we fail because the two 
responses suaply mute and revert to the more primitive 
jyallow response, and emularly when we try to get the 
Yellow and blue respnies together, they revert to the 
more pravive white reponse out of which they 
developed 

‘But ance no one can pretend to see yellow as a reddith 
green, nor white as 3 Blau yellow, it t clear that the 
Jistepoken-of umoa of the red and green responses, 
land of the yellow and biue responses, must take place 
alow the inal of conscious salehon These wont 
‘probably take place within the retma stself Probably 
‘ey axe purely chemical umons 

‘The very first response af a rod or cone to light 1 
‘probably a purely chemietl reaction Dr. Ladd-Franichn, 
carrymg out her theory, sappoces that « light-tenuiive 

‘mothersaubstance ” m the rods and cones 1s decomponed 
by the action of ght, and gives off cleavage products 
which arouse the vital actinty of the rods and canes, 
and thos start nerve currents courang towards the bran. 

In the " fat stage", he supposes, a single bug cleavage 

, buch wa may call W. at split off by the achoa 
‘ight upon the mother substance, and the vital response 
‘to Wb the sexintion of whste. 

In the necond stage, the mather substance 1s capable 
of giving off feo smaller cleavage products, Y and B. 
'Y¥ 1s spit off by the long waves of light, and B by the 
short waves, and the vital response to Y i the sensation, 
of yellaw, that ta 2 the sensation of blue But euppose 
‘that, chemeally, ¥ 4B = W, that 2, R+G +B 
Ww, then, 1€ ¥ and B are both opht off at the same time 
sm the same cone, they unmedately umte into W, and 
‘the reauling sensation 1s sinte, and nether yellow 
anor blue 

‘Sumdasly, um the third stage, the mother substance 
1a capable of gvmg off trer cleavage products, K, G, 
‘and B ; end there are three corresponding vatal responses, 
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the sensations of 304, green, and be But, chemically, 
RGG=Y; ond thercore, of R and G are opt off 
at the mime time, they unite chemcally a5 follows: 
R4G—Y¥, and Y+R—W; and therefore the 
renulting eeneaton at that of white, 

‘Thos theory of cleavage products is sm good general 
agreement with chemscal principles, and st does Juste 
toall the facts of colour vision, 28 detavled in the preceding 
‘pages. It should be added that “for black, the theory 
‘Suppotes that, m the mierest of a continuous field of 
“vu, objects which reflect no Lght at all upon the rete 
Ive correlated wath then a defimte nomlght sentation 
that of black 


PART I 


I 
VISION 


Y/ISION? (Lat, widens to see]+ Gar Genet, Sabon; 
‘Fe, mstow, swe; Teal wittone, The teahe whote 
fongan 8 the eye, whose adequate stimulus is hght, and 
whose nerve 8 the ophious 
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Inthe ordinary prodaction of visuel sensation, 
several dutinet processes i the buman organism are 
involved. In the retina the ether vibrations (auch we 
Jmow to be stil ether vibratent when they reach thes 
surface) are transformed into some otber form of energy 
which can be conveyed along the verver—we lenow rot 
what fori, but at least t mast be something very diflerent 
from light, because vibrations of that degree of rapidity 
Wwould canse the destroction of debeste nervous Us0mes 
In the oceytal lobes of the cortex there takes place, undet 
‘the influence of this conveyed excitation, some process 
‘winch s the mediate onodition of the vieaal sensation 
‘Before reaching the cortex, the opt fibres pate through 
mntermediate ganghonc statons (quadngerinal bodies, 
‘ophe thalamus), but it 1 not known that these have 
any eenbal part fo play sn the sensation that enters 
conseionsnets they may have no other function than 
to eflect refledy the mations of pupt, elhary mmscle 
(accommodation), convergence, ete, which are estential 
{0 effectrve vison (Fag 1) When the cortical centres 
Ihave been destroyed, na vsual sensation 15 possible, 


1 teeta acacia yon tat ect of peal cert to beach 
mitts caremed tammeenges Fer ke anna deta gard 
Die wertng of tha ean ae cpecal sorta. ner the ator 
Of payeaiay 8 peceuy Good cae st Howat Total of 
Prone 








4 COLOUR AND COLOUR THEORIES 
Dut the same thing 1s not true concerning the retina: 
‘the basal ganglia and the retina may both be thrown out 
of acon by disease, and seostien may neverthalese 
perust; as a preceding symptom of mygrame, which 
feems to be due to a epeam inthe cerebral, or more rarely 
the retinal, exeulatscn, and of epilepsy, ‘ere are very 
commonly expenenced subjective vasdal Sensations, which 
‘we samctimes wn the form of rings and balls, bke the 
[Pressure-phosphenes, or mgzags in incompleted. curves 





Prue aut Ate masta Eh on BM, eel 
femuantenn, f. omc! pa. | cama) aie oo 
‘ral Sonaect mine 

(forutcation-igures, suntilating seotomata}, But which 

sometimes have the appearance of natural objects or of 

Raman fgares These frequently enter the field of vinen 

at one side, and the patent sasunctvely tars the bead 

and the eyes to follow ther this Shows that the cortical 

‘process cares nth at what as exseahal to spahal 

Tocalmahon wathost the ‘pertcpation of the cet, 

Bt it also shows, as was planly affirmed by Gowers 

before the recent work of Flechmg oa the subject, that 

‘ere are secondary coral centre (asincition oxstre, 
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or, a8 they may perhaps be desgmsted, perception 
cantres} where the Prmedate datz of wom sensation 
fase mocked op into complicated forms. Ths proves 
‘that chemel changes in tbe corte, although not browght 
Shoot by exctaton comng i Som below, talice 10 
Acct consciouaneas (tad with spatial attndute aa well 
{Ss sumple sensation qoalty) On the other hand, there wre 
‘anes on fecord of moet disturbing visual senestion 
(Ging ana balls of colagr) dae to aratation of the cortex 
fed by & dueased ection which was eatsely ind 
toignt—1a was poove by the fect that chose dstarbances 
tated whe he eye un question was enucleated 

‘There are, then, ande from the condveting Sires, 
four eeparate station, 10 general, 1m the affection of 
contesmess by external ght—the retina, which 1, 
indeed, not only a newo-eptheal surface, but also © 
fue nervous centre sited 1 tke peuphery (cephalopods, 
vwluch have, taken together, al the dierent “narvoun 
Iayers of the human eye, have some of them im the braun 
tnd not mn the retina) °, the besal gangha the primary 
‘anual centres im the ‘corpital Jobe, and the Snal 
amocithoncentres Rach of these may apparently be 
exated to ats charactenstic wctinty by ineradl wuts 
of act, i Ge abner of earings fo 

Tn the Jower asumals the visual process is certsnly of 
much les complenty than im the buran vassal organ 
all at s essential to nach » process that there should 
be some form of réaction to the transverse vibrations 
ofthe rther [orto the vunble electro-magnetic radiations). 
‘Any atuzal sx which » portion of the ectoderm 1 30 
diferentated 28 10 be & receptive organ fer th form 
‘of exatahon may be ead to powers an eye, whether tne 
reachon (0 the exetaton 28 conscous oF uncontcous 
tw carta of the lower forms of amrmal hie the whole 


1 The epte erve a nl mee, repel rnabene bt A prin ot 
see ee Se a eee i Oph, 
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surface of the body a= olecurely scantive to bght. 
Sensations of colour (os well ax of form}, 25 they exit an 
‘the perfected eye, are modalhes of the fundamental 
JIogunous ensatwoos, which are without question of rather 
recent phylogenetic development | Wherever there 19 a2 
ye with two distinct forms of visual elements, rods and 
‘cones, 118 probable that there 152 sense of ealour. Below 
‘that, there ts ne evidence of tut aspect of the Iaminous 
sensation many observers have declared (hat the lower 
fammals have a cologr sense, and that they bave strang 
colour preferences (Graber); bat this conclusion 18 not 
warranted, fora preference for one ragion of the spectra 
cover another may perfectly well be a prtlerence for a 
paruculae degree of Lightness Since we have found gut 
that the relative brightness of the daflerent spectral 
Tepons i, for ourselves, totally diferent according as the 
alkumination i fant or brght (the Purkanje phenomencn), 
‘there ab no reason to anfer that animals have any sense 
for actual colour from the fact that they go from one 
coloured apartment into another, even though these 
Ihave been made equally bright for the normal human e} 
‘The eye 15 conucered to be the moat hughly developed 
of the sense organs, not only because of its comparative 
perfection as an opiicat apparatus (the lens 16 a prece of 
living matter which approaches the regulanty of a sod 
wrth miechameally perfected curved surisces), but also 
Dbecaube of the mamber of different forms sn which st 
flects seawble Grscrmination. The pressure sense, the 
beat sense, the cold sence, on the other hand, are senses 
‘with good Joeal deenmination, but mith varishon within 
a nngle termual organ for sitensity only, mtheut 
dugrimunation of qualty—we canoot tell whether 4 
‘gyen amount of heat comes to us from the anfre-red oF 
the red or the yelow rays ofthe apectrara. In the ear We 
Ihave ducnmunation for diferent objective vibration 
rates (the soundavaves) im the form of the diferent 
subjechve guilty attached to motes of different path, 
snd to this éssenmanation s given up the phynologral 
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spacedncrmnation ia the auditory orgso—namely, 
the succesusa of fires of the banlar membrane there 
fs left no means of acute lace! duervmizaten, and, infact, 
1m the auditory acoso we have no #pace-coermamabon 
ther thm by the greater Sonduess ofa sound heard by 
fone ear than by the other. 

To the eye we lave a far more keen end domsnating 
enue (or space than ie any other teste Organ eo uct 
40 that the quabty whieh stands preemnently m cone 
fevoumess for space sel 8 the reuzal spaual qralty, 
4a this ongan, the dstnbution of rodsand cones wath the 
fesse organ 's the primary phynologcal antermedsary 
between phynical and subjective space; consequently 
theres eft no very exact means for qoakty-ducrsmmnabon 
‘wun the sense, ad, aa. feet, cur subyective retina to 
Abfferenees of vibrabon-penod 1 light-waves are Very 
inadequate. Toe whole gusmut of ightowaves 9 responded 
te by us subjecavely wath only four dierent venation 
quabties—these are, a the order of thes developmest, 
yellow and bive, red and grec They we the serautions 
‘which are produced m thar punty by, about, the wave- 
Jeng $74 pa, 505 a, 470 na ANG 8 coloOr ite Te 
yellow than the red end ot the spectrurs. For all mter- 
reduce wavelengths we have notbung in senatticn except 
combinations of thes ia, ox ealour-blnde, xs rod 
yellow, bluexreen, greemebryellow, ete, but with this 
‘very siogabr pecnianty, thet nes-adjeoent odour pars 
not gree caloar-blends (red and green reproduce yellow, 
fend Hoe and yellow give whe, or grey): wore not 
for ts Inter czcumstaace, the confson 1 the reponse 
‘to ethersadsation dsshnctucas would be far greater thas 
at now Hence we bave no means of determing 
Whether the sematon which we get from Wavelength 
496 pu, say, fe due to ight of that wa man 
Abjective cause or toa phywcal marta of light of wave 
lengiis 492 pw and 470 wn ober words, our view 
agen, oa a means of gremg us Knowidge segatéing the 
radiates refected from or emitted by objects, i 
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exceedingly inadequate It follows from than that we esr 
never have, in the play af colours, intncate esthetic 
combuations and valutions cotrespandmg to mroncal 
‘compoations in tones. The Hgut-semsation elements aze 
far too ample for that ; they are like what we should 
age from a prientve eaincel instrument wath only four 
img. 

Provinen toc vabratioo-penod gquolty beng 20 
adequate as thy, and spabal disnbution upon the 
‘etna beng correlated wath the highly developed spatial 
‘onscionaness of the visual pase, what ic the physiological 
‘mechani by which foar diftinct sources of colour- 
‘dense are communicated fron retina to brats ? Scattered 
uparsely amoog the rods (the primatsre organ for & non- 
iflerentated Iumnoss sensation) are the cones, which 
‘lone, without doubt, prove for the wnation of eakour; 
1w a single cone the seat of all four colour-procesees, and 
are all four sets of exatation conveyed from one eone along 
‘one epic nerveribre to the brass? ‘The phynologuts 
are strongly of the opemoa at prevent that all nerve-bret 
‘convey one and the same sort of exctaten, and that 
comujous distrctions of quality are brought! about by 
Aifleent reactions an the cortital calls 12 which they 
debouch, Bot, (2) they have ciuetly im mmd the ampler 
Structures, where there & nothing against toch a 
‘suppomtion {marcle, pressure, auditory sensations)— 
188 only wx the sense for coloar that oocason anze for 
malang x diferent asmimption, and hence analogy 
from ether casea 8 entirely without force; (2) the 
‘only anatomical diflerence that exsts between the rods 
and the canes (forthe lang, ne, cloady presse! together 
‘cones of the fovea are not cone shaped) 18 exactly the— 
that communeation with the br-polar cel ws on the one 
hand by a sumple knob, on the other by a group of distinct 
processes (Fig. 3, TV); this suggests that the dulference 
Detween a biack-wbite sect, om the one hnd,* and 
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sensations in four different tones, on the other bam, has 
sta phynclogice-enatomical bens in the provxion for 
<dujunct commencation between cons and tapolar call, 
which it had by means of the several different. shrill 
‘groups of the cone base [fst were the cate that one bre 
could convey one form of excitation only, then the four 
‘ample colour-tones would have to be mediated by Sour 
diferent contiguous cones (three, othe orginal Young 
Helmboltz theory, which was based solely upon physical, 
‘ot at all upon peycholageal comnderations). Helmholtz 
‘umecf, in the second edition of the Physolapuche Of, 
Tae ven up thi view [for good resson—Imacton), 
and regards the several photocharmcal processes which 
‘andere colour as taking place all na single cone. If 
‘ne cone mediates one colour only, then a point ef parple 
light, 90 small thot its amage falls upon « mangle cone, 
thonld look, ax the image pasuca over the retsns, now red 
and now Blue according ab rt strikes one or another of 
the viral elaments that are Sted to respond to xt, ‘Thus 
‘and simular phenomena were announced by Holmgren 
‘to cccur, and were taken by him 2s bang complete 
confirmation of the Young-Helmbolts theory : Dat later 
‘expenments from the laboratories of Henig and of 
Kong show that tuch loss of true colour docs not take 
place. Schoute (Zeusch. f Paychot , xox, 25x) gives good 
‘reasons for belisving that, 2 such experimants, the amage 
formed 19 actually ag small as calculation’ from the 
‘constants of the eye would rmply. Its true that Graefe 
(who has examaned two perfectly fresh Buran eyes with 
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the aid of the most modem methods of atemng, et} 
nds that the czomsecnon ef a foveal cove st 2 ).3 1E 
bas woually been oven a9 4 py and hence at 3 posable 
that tha images formed were not small enough (0 ales 
saAndsel cones m tbe fovea. Dut, co the other hand, 
images oo small as ths cant fal upon more than one 
cone at a me st the extre-macular regia, and here, 10, 
the phenomenon of incomplete response docs not tke 
place. ‘Thi chief conuderatin by wach the phyaologsta 
Tplold the sumular character of all nervosibre trans 
muons s the fact that oaly one st of lectneal reactions 
occur, no matter What nerve is anvolved; rt it Would 
bbe as wafe to safer that aay two chemacal reactors were 
the same in iand because they were attended by the 
sau production or abstraction of heat (Heng) The 
question is of fundameatal consequence, and it is hardly 
‘worth wide to devise colour Uneones ntl ater it has 
been settled; neverthele, the physologsts proper and 
‘the physalogts forthe eye rest content, seeing, uc 
1m lis own beet, wth very httle cousterdousion Tt 
‘amot be too much snssted upon, moxstime, thet (he 
jquesbon aa it regards the eye mott be seted pon ats 
‘mn ments and not trom analogy with other sorts af 
nervedibre, where the assumption of sich complenty 
‘pot demanded by the facts. (C1.F) 

‘Tae Ev (AS. age, eye). Ger Auge, Fr ad, Jel, 
che. ‘The eai-ergan of vision: the’ siechamim by 
‘which vibrations ofthe lomauferozs ether are transformed 
into the physclogcal tomolus of vtual sensation. 

‘A soled of both the anatomy and phynology of 
the eye may be Det attamned by studying its development 
sn the anvmal senes and sx the vertebrate embryo 

Eyespots as the Protozoa and lowest Metazoe are 
callecuons of pigment granies, commonly browauch or 
reddish, stunted mn the actos, or Gu the Metazoa) in 
sooyuncton uaually wit the cea ganglia, Or 8 groups 
‘of eputhelal cal on the surface of the body These cals 
ray cccar on level with the general exrfaoe, ssn sme 
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caslenterates, be raed into pigmented papel, as an the 
{rages about the mantles and ephons of bivalve molivacs, 
cf drawn below the surfece as pagmented sacs or pits, a= 
found i echinoderms, many worms, and an the tps of 
the tentacles and papille of mumerons mellascs. 

Te is offen stated to be doubtful whether these simple 
eyeapets ave nse to deSnite sansabons of light ; the 
senations which accompany thes resetrons to the mays 
‘of the spectrum [i aay) may, for aught we know, be 
‘sensations of heat, though there are na imown netances 
‘among the hugher aaumels (where we can more reasonably 
infer by analogy their sensations from our own) of & 
speeial provinoa for the ebior}éion of bext-prodocing 
sys —I¢ should be borne nx mind thet dar pugment 16 
rather aa accessory (han an essental to vision, aa proved 
by ta ubsesoe im albincs as well as sx many of the lower 
faramais that are atll senntive to ght. 

‘Tue formation of the eye as s pit kkned by epithelial 
cally Tends atself to the development of the accessory 
vernctures, lem, ond otber refractive media, ins, and 
commen, which render vatual umaget posuble. Even & 
sample pit with pra-hole aperture 1s capabie of forming 
images an the prozple of the mmpla exmern obscura. 
‘The secretion of refractive media by the eels forming 
the prt or sac, and the ceanng vp of the superfical calla 
toform a transparent cores, and ther convex thekening 
‘to make a coreal lens, ae steps which are very easy and 
‘wluch are rapidly taken im the cnvertebrate scr 

In the eyes of invectebrates generally, the cells of the 
reba, beng specalined epithelal cell, retain their 
fongnal pontion, we. the poles for reoeiwmg sensory 
‘stamult point to the exterior, and the bata, or dscharpag, 
poles sead fibres dmectly to the braw, In a few cases, 
‘uotably those of Pecten {Patten} and of Oncludum 
(Came), the tetnal calls ere inverted and the optc 
erveibves spring from ther supecfcal poles and reach 
‘the brass by brealang throngh the bottom af the optic 
ep {Onchidium and vertebrates), or flow over its nm 
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and thus around to the bran (Pecten) These eyes are 
probably explained by 2 collapse of the primitive opte 
‘vesicle, uch 28 camara in vertsbratas to form a secondary 
‘optic vencie wath double wall. The cells of the extemal 
layer would thus be mverted ; eas, comes, and all 
‘accessory structures are then formed, 26 m verichoates, 
Ly cells of the surrounding and oveijing tases. 

‘Pontion of eyes mn the body dapeods tather upon the 
amumal’s needs than on any fixed laws of structural 
‘organuation, Abiity to soe food and aataral enemies 
‘being « most unportant factor an fitness to murvave, eyes 
are commonly developed in close assonstion with ihe 
‘pncipal nerve gangha. Thus eyes may be scattered over 
the entire back (Onchudsum), where the chief anaes 
‘eppronch froma above, or arranged along the mantle- 
‘edge oc about the aphons of bivalve mollasc, yn which 
retraction and clonsre of the shell are the amportant 
rmctons Ia the freeammmng embryo of Invalven 
‘eyes are present ap the head, Dut atrophy 8 the sbell 
lous aver ther, This 1s gaperally teve of a the hugher 
ammats that ive m total darkness, in the doep sea, 12 
‘aves, i burrows and holes an rocks, showang that they 
sre descended from secmg forms and have been crowded 
into the darkness. With ammaals that pomees a head and 
‘move actively about, eyes are situated unsforrly ma front, 
pared, or otherwise grouped (msects and erachnds) 
haut the train, Ther portions in the worms are 
epenally istroctive as punting tothe relatyont obtaining 
{a the vertebrates In the leeches, for example, the eye- 
spots occur one pair in each of several of the antenor 
segments, 

‘Morphologically the vertebrate retina fo a specialised 
portion of the orjpnal wall of the primitive fore-braun 
‘vesicle. Since the neural tube in vertebrates wa sinp of 
superficial cpitheliom folded an and covere? over, ste 
ceanty representa the exterzal world. Tae primary ope 
vesicles anse very easly 23 pured outgrowths on tither 
side of the Bist ceebral vesicle, carrying its canty mith 
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them. As they each the sao, the front wal caves snward, 
or u pooubly pushed inward by Ge Dhickeang of the 
epidermis to form the lena, and the vxendary optc 
Yeade resalte with double wall and the eavsty of the 
‘rary veacle s cblterated” ‘The ocaboa ofthis ayaty 
i mdicated by the auriace of juncture of the two walla 
‘ofthe secondary optic veace, ad st mist be remerebered 
‘that th surface between the rods end cones and the 
lgment epithe represents dhe externa) world to the 
Calls of the rina. The outer wall now tucks by growth 
nd dima of is cells to form the datunctivdly nervous 
ayers, whe the wnner wall remasra one cel tick and 
sonshtutes the pigment layer ef the retina clawed with 
‘the eboroud by earher waters The chore cont then 
forme over the convex surface of the retiaal exp, 
Ihomologons withthe pra, aad 1 contin an feat with 
‘the pugment layer of the retma, asthe ns The epithelial 
calls immedaately over the south of the optic vencle 
sdongate, and simlong below the susace, rst av x pit and 
then a. hallow vencle separated from the en, pve se 
to the fibres ofthe crystalline lens 

‘Chromatic abecaton, due to the refrangiolty of the 
rays of short wave-length of the spectrum beog greater 
Ahan tit of those of long wavelength, xt one of the 
many defects of the eye a6 an optical insrumect It 
may be radly demonstrated by covenng oneal! of 
‘the pup, when 2 coloured frnge wil appear slong w dazk 
lune throagh a brit eld, a onedow-bar agaost the tky, 
Plush on oom side and reds on Oh other. 138 com 
‘pensated for by the fact that, when the eye a8 accon- 
odated for the mdale ays ofthe specteum, the woe, 
ays (which wll bave cfoeed aoe another at a focus mn 
front of the rena) will be ovedapped by the red mays 
(obich have not yet been Brought £0 = focus), and eno 
‘the duperson cle around the focus of madsum rays 
wil be sppromsiely grey in colour, and 60 overlooked 
‘But af the upper Bait ef the pupal 39 cut af, only the 
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violet cays from below and the red rays from above 
reach the rstwa, and hence caloared innges are see. 
‘The reuna, the ynnermest coat of the eye, extends over 
the postenor portion of the eyeball end forward almost 
to the alary body Here the visual porbon ends ma 
serrated marpm, the oca serrata. The pigment laver of 
the retina entends over the eliary body, and 3s contunaed 
‘over the hack of the ans as the avea The Dlood-veseels, 
‘central artery anv vein, enter and leave with the optic 
nerve They are distributed to all layers exoept the outer 
‘auelear and rod and cave layers , and sunce the shadows 
‘of the retinal capillanes are plualy viable, the actual 
‘mechnusts for the (anstormation of bight-vibratvons sta 
vomething which gives nse an tbe bran to visual 
ensutions most he withn these Inyee Structurally, 
the rods and conce are penpberst portions, receiving, 
poles, comparable to sensory hairs or coalesced pencils 
of semmory ci, of the ongrmally superficial cells, whose 
cles ace hove of the eaxterval nuclear layer, and whose 
entra, decharging, poles are Slrcs which break mp mto 
‘tecmunel brushes 1m the external plesuform layer. The 
rods and cones are thes, without doubt, the real trame 
formers of vasual stumuly the specualized recerving organs 
for all erations of bght, chromatic and achronsstie 
[From the abova desenption it ss clear that hight must 
penetrate sx layers of the retina before reaching the rode 
land cones, thus 1s not of great consequence, since, when 
‘ahve, the’ retina as nearly transparent In arumals 
(generally 2 certarm part of the retina is thickened eather 
‘along a band corzeponding to the mage of the honzon 
line, a 1m sorae of the herbevora, or sn a round or aval 
area near the aus of vuson, where the cetsma is most used, 
the central area or macula Intae xa maz and primates, 
Yn man, pomates, most birds, and a very few reptile, 
amphibians, and fishes, 2 pit forms in the centre of the 
‘uckened area, in whach the other snlerveaing layers of 
‘he retisn and all blood-wessels draw aside and leave the 
cones duectly expnced to the ight Thethuckened porton, 
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‘and wallow, have twe fovess, = temporal fovea for 


viston ” 
Dinocular vison and « nase or median fovea for moxo- 
Colarsquon, Itisnow well tublsbed thet manag objects 
Se more quckiy percaved by the porsons of rete nck 
{soda and 10 attmale, Wee the frog, wich apparently 
cnly se objects an maton, the ods grey predomunate 
tat in the cenzal portions of the rena. On the other 
band, wanate vines of stationary objects only possible 
the loves. 

Sommernag (Sm. Th, v, 1798) discovered the fovea 
and conmdered t't foraies. Buca (2796) thought the 
{oven wo bea thin transparent part of the etna, 

"Toe optic nerve bees gun tour emedalnry shout a 
they pum through the lamica cribrosa of the vlerobe 
coal At ths pout the porss eptevsfopte 4s, papal), 
Ait the lnyers of the eetina ave ford aside to admit the 
Daamige of the nerve, and as vison is consequently also 
{nverrupted bere, the spot sk zown as the ” Bhd apot ” 
SS (el tl amr te op 

(Quan) te ope nerve at 

oot wrthun ts the innermost layer of the 
Telia Tha fs eve (Hi, Cajal) of Dnt a very few of tt 
fies, wach have bees proved to grow from the centres 
to the relma ab ponably motoe of amocntoral Abe 
Staca the remarchen of Fis, Matin, and Mall (2890-9) 
‘ave demonetated thet the optic nervedibre an common 
‘wath sensory nerves generally, anaes axoocs of the FE 
{ngion cls aed grow centnpcally to th optic omtre, 
{would seem advarable to revere the older Sescrypooas 
Bn conte the optic Bhees na gatbaring from ll prante 
of the retina, avtung a the opie nerve, and Gistribating 
‘Gumnalve to the opt centro in the Bras, 

“The optc Shes from the rghtchant ball of mach ration 
proceed to the ngit cortex, irom the left-hand half tothe 
{et cortex, But» small porton of the retins, sbovt 
coment wath the yallow spot, Is Coubly Provide for, 
Sad my preserve ts fineoca when etic bail of tae 
cortex & Getroyed (Fu. 4) 

“The principal ams ofthe eye sae jung the cantrea 
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of curvatore ofits reactive madie. The axis of vision 3 
(ine drawn from the foven to the point looked at. For 
‘the o7es at rast or wisle lockmg at a distant object the 
‘axet of vison of the two eyes are caarly paral ; aa the 
‘object approaches they converge, the sensations of strum 
from the cvlouotce muscles farting amportant 
data ia jadgmests of distance, Additonal cdvantages 
cf binocular vison are inerewsed sue of visual fed, 
perception of the depth of points not fixated upoo by 
‘oeane of double unages, and correcton of exec of eno 
tye by the other. It for the primary postion wa unegine 








‘that the retinal caps ba exactly saparimpooed oo that 009 
Joves let over the other, axch post in the supenmposed 
etna corresponds nearly with the point directly beneath 





it in the other. These are known a8 “identical " or 
comresponhag pots. All image falling upon identical 
‘Pointe of the twa ratine are projected anto space as tee 
omntx. The Ime or plane pasnng thzongh all ich points 
4 called the horopter. Al pomts out of the boropter, 
while we commonly disregard thers, form images whch 
sre projected, or seen, aa double. Staning erect end 
Joolung towerds the borson, scconing to Helmholtz, 
‘the boropter stretches out as'a Lne comnciding with the 
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Plane of the ground upon which we stand. With each 
‘Postion of the eyes the form of the horeptec changes 
‘With the eves converged, the horopter 3s a arcle pasting 
‘hrough the fixaton pout and the nodal pomnts of the 
two eves (€ ¥ mover, cL} 
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‘The eye sn eflct a dark chasse, o& camera obscure, 
live that of « photograpie apparatu, un which the ght 
from any object wits its Seb is tizown Dy refracting 
media upon a beckgzoand so plnoad tat the aye diverging 
fram any grven pot converge to the cocresponding pount 
€ 8 sll inverted image, That the smage io averted 
18 of no consequence ix our perception of object Ian 
farrangecent of pine in tbe shape of an azow be prewed 
‘upen the arm, we ean tell whetber the bead of the ar0w 
‘be pointed up or dows, because we bave always seca the 
surface ofthe arm, abd ft st with the othee band, aad 
‘hence we know i 20 ax object, x5 well a hy ita subjective 
local sguatare. But we know cothing about the back 
murtace of the eye, noe abost the umages that fal upon. 
Jt. We do, howerec, know aboot xte frost surface, froet 
the eyes of others, and from our own as seen in a muTor, 
asd tha only spparmt want of harmony that could exit 
‘would be four eye had to tam downwards an ts ocket 
{o ma an bject which we have to reach the arm up to, 
Conscioaness does not descend (ake a ptzson'} inte the 
‘eyeball along the optic tract and nerve, a6 view the mage 
‘upon the retioa. If abe saw anything a8 an object, st 
‘would be, probably, the smage wich 18 transfered from 
the retusa to the occipital ein Ut, however, s e- 
soversion takes place (Hentchen}, and alie can thete, if 
She likes, gaze contentedly at a (chemical) umage which 
4s right side up. Bat there is no more reaton that aha 
‘shoal foal the unverion of the images pou the reine 
than that abe should be aware of te coming t0 point 
of all the direction-tines within the cryetalhne ler, of 
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of the semi-decusation of the vuvel currents in the opie 
chia, 

‘AIl optical sastruments for the formation of images 
‘uunst bave power of adjustment, for abjecta at difierent 
dutances, sending rays of ight through fixed system of 
Jeoses, form mages at different distances, This adjust- 
iment may be secured by moving the receiving surface 
farther back, 43 16 doe in the camera ohicara of the 
photograplne apparatus, or by wereanng the index of 
refraction of one or mare of the media, oF by a dumenution 
of the radins of curvature of one or more of the surfaces. 
‘The first of these mean was formerly the one suppated 
to be made use of 1m the eye, the eyeball beng assumed 
to be elongated for viewng near objects, But it 8 now 
mown that the change takes place in the abipe of tha 
crystalline lent, brought about by means of the alary 
‘uncles; from a teleologial point of view the lens would 
Desuperiucas were it ot for rs perlocewag thus function, 
{or the amount of refraction that takes place at sla surface 
conld be produced by a shghthy greater curvatare in the 
comes, ‘The far-pount for the normal emmetropic eye 
(the farthent point at which objects can be dtnctly 
een} 16 at an infete distance, the nearpout vanes 
‘with age, and in early adult fe 9 from 20 to 13 centi- 
metres ffom the eye. No accommodation 1s mecesary 
far objects mace than two metres distant. 


Acti oF Licut ox rae Ravina 

‘That the refza of certain animale was somtimes zed 
Iuad been remarked belor, but it was Auscovered by Ball 
(2876) that thas red colo? is bleached ont by ght, and 
‘hat It beootee restored af the azusal x kept in the dak. 
‘Bo ree aps fight ae tho wach are mos eflcive 

1 Bleaching oat it colour, corresponding tothe fact that 
sremn ght 1 tost ebacrbed by & substance whose colour 
73 puspled red. Inthe bumaa eye an nternadiate stage 
in the bleaching out of thus substance occurs in winch it 
1 yollow; and the presence im the retna of VOrying 





amounts of the vimal porple and the vaul ydiow 
Gives me to a succession of coloorn—purplish-red, pure 
fed, bnck-red, orange, chamars, yellow "The rageuertting 
‘purple does not go Uaroogh the yellow stage. Regeneration 
takes place Uhrough the agency of the prgment epithe Ur 

at goes on in the dark, even im the extupated retma, 90 
ong aa its cuter surface is 19 contact wath the pigment 
‘pitheliur, and cven st tas bean removed and then laid 
fon agun. ‘If a sharp smage be Grown upon en eye m 
& tale of darimesradaptatos, the eye bang bald 
Immoveble f the anunal is alive, the light reflected from 
‘the bright portions of the abject vil cause its visual 
purple fo fade out, umagas tus formed may be fixed and 
exammed at lenure They were called optogrammt by 
‘Huse, who frst prepared them. The wmual purple 
‘annot be seen mn the ordinary eye, 2 nocount of the rod 
colour of the buckyround agaunst wiuch at 36 thrown , 
‘bat there are @ few Gahes which bave a white retinal 
‘apatum, by means of the reected lpht from which it 

‘e4sy t0 see the colouring caster of the rods w x8 vanioan 
ferent conditions (Abeisdor#). On Jookung into the eye. 
cof snch am arama] after it bes been kept an the dar, tbe 
retuna 1s seen to be first of a rove-ced colour and then t0 
change by gradual stages mto 2 briliant white The 
rehtave absorption by tbe visual purple of the different 
radaatons of the spectram hax beea determuned with 
grant exactness by Profesor Konig ; bofinds tte ooiwada 
with the subjective relahve brghtnew-values of the 
totally colour-bund, and aloo with the relative bghinest- 
‘values of the normal eye im afaunt ght The comaulence 
‘of the curve representing these Isst two bneghtnest- 








2 [The vara ppl (mp)  tghly Doo ern afar 
1 ha act whet aekng to fhe sci of th ge and 
{he pesgeey match cree Tharchows he cei 
So det ten oe ar dhs en Sb oad 

at ie eet s Pept totses Gt w the eet 
‘Sug ua inet pean) “tae ob atin pepe mae 
gua alter ef he dal prog of ore os remne 
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vpectra had alzeady been shown by Hering end 
Willebrand (Sstbor. Abad Wis, Wie, 288). 

‘Other changes produced in the retina by light aze the 
dnacent of the small black cryetaline graculen of the 
Pigment epithet: into the speccs between the visual 
Homent end also vanations 1a the Testing eectroal 
current belween the surface ofthe retina and that of the 
optic verve. 

Couovn Turton : HisvoRIcAL 

Ger, Farbenteve, Thame der Wahrnshnoung der Farbe 5 
Fe, thione de ta percepom dee condeure; Teal tora della 
frcenons des colors. Toe anccents were truck by (he 
fact that coloured sucfaces reflect less light than white 
oes, and heace they regurded the coloars as made up by 
tagrig bisck and wint together (Anatole. Ths was the 
revalng theory up to rather recent toe, and st wa 
‘even defended by Goethe, The solution of the problem. 
(of colour in the phyucal seate 38 dur to Newioo jhe 
rove that white Lght amy Be separated usto bight of 
ferent colours, that homogeneous spectral Light. done 
not have xs colour further changed by & meond rection 
fr abworpton ; that cays have different refranmbihty, 
tad that th ealours of materal objects are doe ta direst 
‘ways ca which they absorb and reSect diferent sorts of 
radiations But Newten algo was the Orst to ay down 
the fandamental praciple of seasation is guowral, that it 
1 of purely subjective character and has no necessary 
comer in End wath the phyweal cause that brings i 
forth, Newoa says: “Tae raya t0 peak properly, 
‘re not cloud. In ther js uotiong else thas a cetan 
[ower oF duspenton to sur up a sasaton af this or that 
‘oleae... $0 colours in the object are nothing but 2 
Giepomticn to reflect ths or that aart of aye more 
copiously than the rest.” He nupposed that the rays of 
Light, “by smpingug on aiff refracting supercon, 
excite vibrations. «of vatous bigness: +. and there. 
‘ore the end of tha caplamoent of the optic nerve, which 
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ave or face the retin being vac refracting supertces, 
‘when the raya ympenge upon them they at then exit 
{hate vibrations, which wibaticns . .. wall run along the 
Aqueous pores or crystalline prth of the capillamenta, 
‘trongh the opti nerve mto the semnoriun.” TR Balt 
toumagie that there can be » wuiScent number of pte 
‘Slatnente to respond in ther vibration #0 al the afferent 
sort of ight (espenlly as derence m portion upon the 
Tetina haat “be the phymologseal comespendent of 
ference ia mptzel quality) this éificalty was ret by 
‘Thomas Young with the hypothont that all the coloury 

ny ba amply combinaters im various proportions of & 
certun umber of elemeats—" each seontave flament of 
tha nerve ray const of three portions, ane for each 
‘pravapal colow." Te was that aguo a phymat and not 
{ physologut who added to our enowiodge thu umportant 
canception, that the one-to-one correspondence Between 
‘xterral nature an antera) sensation (and ever between 
external maturt a2 pywologral process) a sens of 
sontinnows dflerences a the one hand cna be pictured cn 
‘he other by the union ma constantly varying proportion 
ef n saaller nomber of conatiteents. But it was the 
Dayuolopeal ditialty of megseg a suffcoent mamber 
ff fmed retinal bres foe all he rays of light, and not the 
Aeuvertooe of oonscionsnac im regard 10 the ssutary 
tduracter of certan prinepal colours, that gave foundation 
for the coushtuent tbeory of ight and colour. This 
seoounts for the fact that three calouss instead of four 
were conndered to be a sficient somber of emitoants 
(Gtllow wan regarded a8 a mixtore of red and green, 
Although it is 20 me tense & reddish green oF a grees 
rea), and no separate physclagcal process was saigned 
to the prodaction of the totally Gifermnt achromatic 
‘eustion, white oF grey. 

‘The plytcal facts of calourmizture were, of course, 
lnowa fram the earlst trmes, and were tsvught into 
special promience by the painters. Pisny eater that the 
early Greek painters, who wed only four pigments, 
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edn on gutting better effects with them than the 
users of Bis ie, who made axe of a larger number 
Keverthlns, the hypethens of” Young fal on 
tnappeesative car, but at was renved by Helnbeliz 
An 1860, and bes been the favourite new of the physicists: 
tevez nce. The face fo Temenos the fact, rat mate 
plan by Helmholtz, that muxtures of pigments are not 
{he tame tag as maxtares of colar {te former aw a 
DPhenecsenon of abtracion and not of addition) wa the 
hot of crue confsion end eror Tahu it experiments 
‘with spectral bghts, Helmholtz coukl make grey only, 
‘ut of yellow sod Doe; this ed Gratin tow retate- 
eat of the fundamental prncpls of eclou-mixtre 
tnd of ther grpbreal representation. A later eenas of 
‘experiments of Helmbolts by 3 better method removed 
{he apparent contradctes. The pracpio of Newton's 
Jaw of coloarsmoxtures were ao proved expenmentaly 
toy Maxwel ws x85 

“The theory of Youog, is 0 far as it pos a ema 
number of colourconstituents, is still the accepted 
{heory, but in ao far ani takes no Account of the ft 
that yellow and white sre ample sensxtioos and not a 
ayshologeal blending of two or more conrtomat, ta 
ever made any appeal to the paytholopat; we have in 
the popes an extzpla of x sonmtign which maf bo 8 
end of several seasons, far theres no pyseal exuse 
for thar production excapt the cambunaton of te cee 
of blue sad of red; we therlore know the character 
of s coloorbiend, and we inow that white and yellow 
Ste seasatont wholly desatete of tiie charactr. 

Endless confusion fas anaen on account ofthe extreme 
sachyuty that prevails in Ge ferms wed sx comenen 
ath vaio. Lag, tc begm with sued wdacrmately 
{oe the ight-senstion and forthe photogeaie radiation’ 
ach ace given off by bodies whove molec a i'm 
{ate raped nbratia: tia pombe st peeent waoly 
{2 avon the difiealty, bot st would be Gosrabe tous 
‘he terms ighteouaton (icitepSndamg) nd phaogeme 
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tadiations where the context renders the meanng at all 
lente, So colour should be wed in ste eubjectuve sense, 
and xawhageac, Kyancgents, cMorogemc, x24 erytrogenic 
radvasons sbould be substituted for the physical camse 
of colour. 

But perhaps the wont confusion bes occured in 
speaking of the facts of what 1s called colour-maxtur, 
when i 8 intended to designate the mimng of different 
rayt or regions of te spectrum. For instance,“ orange ” 
2 sometimes @ maxture of erythrogenic and chlorogenic 
radations ; 118 not, however, peychologeally, a mxture 
‘of red and green, bt of red and yellow. Just e¢ unportant, 
fn the other band, 35 the fact that perfectly homogenoos 
photogenic ays of wavelength A 492 are, psycholopaly, 
fa blu green or a greenish blue. Again, a certain 
ysl mixture of orange and olive radiations wall ve 
1 pure (but whut) yellow, which as a colonr sensation, 
not at all « mixture, To escape from this ambiguity 
At. absolutly moocsary to employ distinctive tank 
Austere sboald be used forthe phymcal procedare only, 
‘The vanoun diferent peyehological eects of hyht-ay 
smxtures may then be referred to as: (1) colowrbiands, 
when the elements of the ruxture are st peroeptible 
an the result, as bios and green im the bluegreens, or 
peacocks (2) calour fusions (of colow-sstinctons), when, 
the slementsof the colour have dsappeared the procent 
of maung, af red and green so malang yellow, and yellow 
fd blue mn malang winte. This:s not the ease in which, 
Kulpe uses tha term fasiow fer sensations in general 
‘bat it & mdupensable to have the word for tha results 
of coloarmxture. We should then say that the spectral 
yelowgreen, when produced by homogeneous Eght, 18 
ot 2 rolonr-feson, bat a coleor-blend, and that yellow 
‘when produced by red and green ght i wot a coloat> 
blend, but # colour funos. 
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‘Visuas Smxsarion ox Licat-sesanion (Won 
‘Coveu-THEORY) 

Ger. Genchtsomppndee, Lict- (and Fart) embfine 
ang ; Fr. sensation wusucle, secahon de la bums; 
Tal seneazone vos, snsanone ds ume, The term ight- 
feamtion is to be preferred, mace it i batter that the 
term "“vinal sensation” should inelude the spatal 
erent.” Vuval seasstions are of two very diferent 
Tanda «5 regards quahty—chvomatic (the colours red, 
purple, yellow, atc) and achromatze (the series whole: 
‘rey-biack). It is hard to find @ good word for the latter 
fenes: (3) by an exteonon of rts meaning (uch an 
extension as f very natural to the soatbematias) grey 
‘may be made to imclode the end members of the nee 
lack and white; an fact, Korechmana bas shown that 
‘whes looked at (hrongl ‘a tube, $0 thet there 18 m0 
opportunity for compansos with surrounding objects, 
‘there 18 20 such thing as Black and white; every 
‘achromatic sorface 12 thought to de of some thade of 
(cy; (2) Fick bas called the sease winch mediates colour 
the sprayie gbt-sense, and the other the abvolue hebt- 
sense oF plamly the hght-omse—the latter term 28 1n 
sgrcermt with the unvecsal wage of the ophthal- 
molegsts, and the phraseology 1 to be commended ; 
() by Morag and hue echool the members of the 
Achromatic tenesare spoken of as“ brghinecses”. Muller 
‘bas shown that any given grey represents at once a 
defeats qualty ands defate intenaty, oF stmalas 
‘energy. It a8 perfectly leptimate to speak of a gven 
Grey as a "brghiness”” when regard is had 10 the 
Yolusnousaess of the xensatsoa, thaw, to the subjective 
sapect of the stiles energy: Dut to peal of ta quality 
tsa brightnessis to :mtrodoce coafeson, fort is repoonble 
40 ve up the ase of the terms bright, dull, bmehtarss, 
darkness, in the other sense, end, in fact, 30 effort 3 
made to do so by wnters whe make use of ths language. 
By the brightsem of the most saturated yellowgreen 


vision 7 
that we can produce, vis. that got by throwing yell 
ree opmcral ight open a porta ofthe zeta wack 
ready canrymg a yelow-green aflersinage (even wea 
lang believed ia the spect bghtening and daerung 
[omer of gree aad of yellow reapectively be mast have 
(ante that chore wane certass proportion ofthe maxtare 
here vether took place). Heng Deacs the ameuct of 
{he thie whsta coorteant. Bot there imo ream for 
‘baring, mths cave, that there ie asy”blackewAite 
‘conatitnent pment a il. Tt however, qute epoauble 
{or o0e who doe not accept te theory of Hering to under 
‘and the various xocanungs which he aitaches (0 baght- 


‘ho sucten st ater fe, by thes Peter Tice, who 
‘ndrwod Horny, bee rar br he ain compton 








‘dsable cone, Soeble pyrunus, ee) Thay a6 
‘Esbably the eaten type of wena scenatco 

(0) Coloure fa satay sats four sense. 284 80 ello, 
‘yolow to ges, green to Nag and Use to rah The font 
Gaemvaal eilours of tha tenat wre Samed prepa F Bom" 
‘sised eolout, tha stern, mined clear 

‘An veptetaion of" eolosr™u0 fuly ehuractereed by tho 
ratemncet of ahs colour toe, tee bagkonem s0a fa 
‘Mteraton Colour teers coloer quality nthe earower Man 
‘redoen,Mueava, ee. Safureion the atte piven to 0 
agra of dtactzem with wich a eaur tans abd ont im 
mateadat bghtowe quale st espenen 0" dng 
‘at eparstas the pve eclout feo aay quality of tho bngat- 
dat pele. Saturation t petally« foeepox ofthe Poity 
oweganaty) ef Mgt, yt sn somodanly Sependent pom 
ntennty ath sarwiengh. Colom teghtnim io the fihy 
‘sruvlent of the calves imprewnen, the tnghtsam ually 
‘whic the mapromen wenld how were clan ten abyracted 
‘witect ainwton of wimsien eurgy. For any peta eve 
Teagth and wate of adagtatson of tha Pape, te dependent 
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‘yee pbs Untaatty. Koaog bas compared the mba 
Ginababan al gene = the ppeizem withthe objects 
‘datnbetion of aaergy (Langley); be Hoan thet & pen 








mpg ates rege ae 





spent ot ante af then eran by fa te ott ting 
forthe ight wets bs the groem te mest bao ot 505 
Aleabats, Fragyan, s0ys, 385). Ta Pg. 5 le stews the 





‘iteeant Ulominatoes: for a weg Ugtt at the Unghie 
[Pare of the epectrem us sz tha yellow: when the ight a 90 
‘ost that colours are an lenge disceraiti, vw un the greco, 

‘The number of decriqinable brgtioent qoahtes te 
cwnmated by Hints st 650: What of ascnminahle spectral 
‘Qealtsas (eanvantozal “calour toves"} at x6e," The 
Grumation of “maxed” coloere vane sa fecaat books from 
(eve to vovernt Nendrag thocaant. 

"Fe phruae = pruaary calours” or“ fendemeatal oolosr” 
tw of irequect oceurreate | Tues Coloert duller, accoeding at 
‘hay wen fasdameatal foe colacrmixtury, for the ert of 
‘punting, of for a parteslar theory of colour-nnoo | The 


oa-mured (eatery) celows mentioned above 
“Taare are two choad theonen of vaseal venation. (3) The 
first the Helabotts Oneory, based ox the theary of Yo 
every light sbraelu sets ep throw dtinel and elementary 
pevceams of ratoal exestatoa, whch 38 elation corenpaud 
{a the  prumary ” seamisone af red, green, and vidlet (oF 
Dee)" The qoaity of & gov saapremnan depends upon the 
‘Proportion of vhees parhal exntatsoas ro the total exocation 
The nearer the Dotaace he lem entorsted Ue eoloar=—ae fat 
at oquatty wa mee mesply white hgtt Tha theary explaine 
the fecte of ealoar-murtars, wisck onpzally ted to te 
formnlatioe, st bewake dews sm face of the other facta af 
colear-nmos (a) Sa far from tegatana senaitions being 
dependent on eoloes. they permat after tows of soloee. 1m 














‘on the theory only by the waxy (and highly wspeababla) 
Bypothems of ast of tbe wementary exatabinie (0 After 
Lagos canaet be explaseedaadae te tegeeand exporter, 

(@) The second theory a that of Henng. There are ne 
‘rma subetsuces, cack katie to amtmalative ard downmuative 
srutabon, Theat anhetascee feraai the sur fendumeatal 
(wuatioas green and rd, See and yellow, binck and white. 
‘The blaclowhite ubebazce m secre euuy casita and mare 
plenty repreated than the ether fw. Legit of dufersat 





raleconce to the exctablty of the vance tubetanene and tha 
Indirect eect of fetal vumeation There in, bOWever, 
‘earns suliculty 1a the fact that we Dave's Blackwbite 
‘ne red-green or Diue-yallow seatatia 

as two diferent acearangs tm the two 
cantexts. The diicalty st removed ('] by 0 ©. Maller's 
ypothaus that Slack aad whate are rermly astagonute, 
‘ery 4 cortical vexautice Maller ns ven the Heng 
hoary « Atncier aed more wabecate formelaton $2 other 
respects eq us regards asumidatico and disumalatce, the 
smethastam of retinal adaptation te 

‘Other notable seainbutioas to vtual Dory are (2) the 
molecular disocatioe theory of Dr Ladd Franks: (3) 
‘the cal perpie teory of Bbbroghace (ance wthérs 
‘ce Mend, 1893]. (3) te Dypotbeam asad to the Your 
Helmets theory by Konig. (4) tbe ricontitstioe af the 
Welmselts theory by voa Knee, {3} the ponotiaty or 
radatioe theory of Weedt, (@) the Rypotheser of GBUer, 
Donders, ete. 5B Tusheose)) 




















‘The first demand to be made upon a colour-theary 
fy that 1€ should pont some (otherwnse Iaows) phyncal 
for physologecal process to account for the most extra 
ordinary fact of coloar-vison, that om ming physeally 
certain colour pare 2 cxrtamm proportions, the colours 
uappear, anda grey segmbon takes ther plzce, if 
thyestnot done, a theory us hardly deserving of the name. 
Tn the theones of Wandt and of Ebbinghaus there 19 no 
explanation given of this cardmal fact—eomplementary 
‘alou-processes are merely said to bave "something 
amtagenetic”” abost them The theory of Wandt, 
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moreover, takes no account of the fundamental 
‘peychologica fact of colomr-vasion, that we can distinguish, 
between the intermediate elements of «colours 
‘which is coostantly changing in the same dizecion— 
the bine greens, the greco-bloes, etc —and the and 
members of ch x senea, The theory of Ebbinghass is 
based upon ‘news in regard to the nature of the pigment 
of the rods (he veal purple and the vssal Bue) wioch 
‘wece rendered izpounble by our knowledge ofthe fonction 
‘of that pigment at made oot mmediately after the theory 
‘was proponcd. The theory of Kécig is very dierent fram 
fhe others. He Deheved (bat Pe couse have nothing 10 
do directly with the luminous aration, but tbat they 
faze catopine inrruments for the parpose of condensing 
Inght upon the els of the pigment epithelium, where the 
‘Boto-chemical process take place winch ae the sourcea 
of the sctaations of re yellow, and green. The Dive 
secmtion i farcished exclodvely by the val yellow 
f the rods, and the seasation of x fint yet (and that 
ff he totally coloce-Nand) 2 ago bine & quality, nnd ie 
due to the vuual purple : ence the fovea, where there is 
fo vans purple, {s band to bive(* Ueber den menschlschen 
Sehpurpur und sane Bedestung fir das Sehec,” Suster, 
Abed. Wass, Baran, v804). The blue Dindness of the 
Towea has net been cenficmed by other obeervers; at 34 
cult to think that the cones can be condensing: 
(lanes, und at the same Ue contain Shree of the optic 
‘erve, but that they would Ihave to do in order that the 
fect of photmchemical proceam takmg place i> the 
Pigment epithelium shock! be commanicatd tothe braun; 
os and conts are 30 absolutely alike in structure (except 
for thar besisr terwanations, Pte J, Fig. 3) hat it 
‘uncatural fo amige to then tach woke functions, 
vy. Kies is apparently 1s the spomalous penton of 
‘eueving that grey, when furmstbed by the cones, 198 
mental reconsttuticn out of the even red-gree-biue 
(eosations, but that, when farmsbed by the rods 1 Bas 
iia source in some distinctive nbysologcal proces, 
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‘Donders bas « doubie theorydhreecoloar (with three 
itferent cones, to save the doctrine of speciic energy) 
im the retina, and four-olour, with partial dasociauon= 
‘roceses, in the cortex. In hus theory (oa In Harng') 
rad and’ green are complementary colours, which is 
‘contrary to fact: groaa has forts coraplementary Purple, 
tnd the camplementary of zed = peacock, or blaz-green 
ed and green ized together make, not white, but 
‘yellow. [One cannot repeat this too often.) Tha followers 
‘Hering are ble to think of red and green a8 comple~ 
‘mentanes only by choosing x very blush red (purple) 
‘oc a very blank green (@ fl bluesgreen sn fact) a the 
elementary colours ; but thu in to give up at once the 
‘beuatuol reLaace upon our power to distingulsh, by 
Immediate introspection, between x "maxed" end 

“ pon-mixed colour, winch a is Hering’s grat service 
‘to have brought about. 

“The theory of Goller ws one af great interest it should 
always be mentioned when thea are enamerated) on 
account of the last that 1 rf a conception has boon 
Aevised by monas of which the process whch underlies 
colour may be regarded asan eprpieromenan, 90 to speak, 
2 as something rapermpoted pon an echromatic light 
rocem ; the theory mazes use of the known highly 
Felractive quality of the e:d member of a vanal dament, 
and of the enstence of a pecabar transparent thin plats 
ost m front of it, to account for hybt becomang exeularly 
‘Polanzed wathis the cones; the amount of disturbance 
‘corresponds thes to degree of lummanty, and the plans 
of polarization to the colour. Its am amponuble theory, 
because it requires us to suppose that molecular dim 
‘enbances polarized in different planes can be propagated 
as such along the nervedibres; but the conception of 
colour 02 an arpect of « now-epectic light semsabon is aot 
‘Dad. Iti, ft, just what is needed by Henng to enable 
1m tu regard all the beghtoes of coloar as due to ats 
Dackwhite constituent, and as wholly uninthoenood 
by the precence of the colour-character (hu sden of the 
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specie Twightenng power of the colour was intro 
Goced to account for the Porkinje phenomenon, and 
bo linger necestry since that i Known to be merely 
Inadental to the oncoming of adspiton to a fast ght 
Guchermal] ; his own view, boweves, that chemoal 
Changes are gomg on su calourrubvtances wich are of 
fn exactly smilar suture to thote which take place in 
the Dlackewaite substance, and thet they nevertceos 
teatnbots mating to Ube toll volame of the emsation, 
13 ery amprobable 

The main objection to the theary of Thomas Young, 
sn objection which s meupereble, and which ies upon (se 
‘hreabold, a tbat it takes 20 aocoant of the fat, patent 
1 the mont cursory observatss, that, wile a mature of 
‘he cae of Ted, green, and dive w mifscent to eccasan 
‘he tenashon white, white us nevertheless not a 
redegreeabise retin. The theory 8 good sassuch 
far Tt redoces the tinunerable poysclogcal colour 
‘rocemes supposed to exist the visual organ by Newton 
tow mzall sumber: st accousts admirably, for instance, 
for the fact that all the succemrre erogenous 
Tightzays betworn A 505 and 2470 frau 0 ue seer 
quality, bot only a sens of bivegreens gradually Varying 
1B the flative arsount of each consstuent vexamton 
1 jor the sort of theary thatthe prychologt demands— 
‘he phynologeal couscption offered rom corecty 
‘the doliverances of conscioumem. And the sazse thing 
holds for the Disub-reds and the redésb-Suen But 
‘when we are asked to adm tbat {3 the third side of the 
‘alourtrangle the ease a stil the tame, that what we cal 
(gecnishyelivwe and reddsb-yeliowy are am reality, 3a 
this ease sense, greemalceis or seldinh-greens, Con 
sccutomt cebels and x ore when Wwe are requined 
‘to think that, under whatever cumstances Wwe bene 
‘ey, and even when we can get 20 clowrscene at all 
(Gg. 35 the wholly achromabe senatios of faint hebt, 
‘td that ofthe toa colou-bised), we are really sensing 
zed and grec and blae sathout lowing it, and along, 
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for no eutignable reason, 2 totally diffwent metal 
concept out of the congenes of colours felt together, the 
‘dda soc bizarre that it wonld seem as if to mention it 
‘were enough to show sts adequacy. The theory is a 
yparely physcal theory; so long as observers fastened 
ther attention solely upon the phymes of colour-mnng, 
it comld play the r2le af a colour-sensation theory. For 
the phyneist. the senes, cold less cold, andflerent, warm, 
Tot, w wlio 2 continuous senes, pictured an the gradual 
‘goent of mercury m a thermometne tube ; and so arch, 
dd phynen umpese, unt quite recently, opan paychology, 
hat if required a dstinct effort of discovery to establish, 
‘the fact that beat wx sensationsguale whely distinct trem 
cold (and, by way of sure confirmation of the fact, found 
to be communicated to he cortex by a distinct cone 
duction-path). 

‘What is meant by those who insist upon vt that there 
are four (sat three) umtary colosr-sensatsans, and that 
‘al other hues bendes thove foot are of the nature of 
calour-blends, ws well set forth by G E. Muller (Zevich f. 
Pryehel,, x and xv) m a dscumon of the difleent sorts 
of qualty-erea It w evndent that we are capable of 
dhutinguutang whether 2 smsatoa whch goes trough 
asenes of changes belore our eyes uw changang mm @conctant 
iewhon or not ‘Thes d we Jook at a red revolving disk, 
and an asnatant (without stopping the whee) puts in 
‘constantly 1 greater and greater proportion of blue, the 
‘ene of seatstions which wa gat isa very difermt thmg 
from what it is sf he muddenly begins to add yellow— 
1m the frst case the series varying i= 2 constant ounse oF 
‘rection, in the other there ws a anddea change mn sense 
cor direction. Now, if we lock through the whole cuculsr 
gamut of colourtues (the spectral colours completed 
‘by the lacking tones from red to blue) we find chet ta 
ot composed of a svagle sees of thus sort, but of several, 
anterropted by sharply marke! points of breaking. Ab 
‘wa appeeach the wavelength 2 505 on one aide, the 
‘ensuton 1 getting lett and lew yellow in character and 
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more and more grees (this is 2 vansbon of a constant 
vert), but the moment we pase that pout therejna distinct 
change ia the character of the eener—dia succasuee 
‘deszents get to look lose and Ler Ike green, and more and 
more like something quite mew, namely Lise, The ooloar- 
(gamut, whichis phyaically, lke the tooe-geamat rectincar 
(at is conmsting of 2 sere of elements witch <hifer 
(ne fkom another always us the same way, viz by x 
constantly acctkesting veloaty of vibrato), is, for 
emsadwon, ot at alle rechhcar senea (64 us the Sms 
of subjective tenet), but a senes suede vp of several 
Ahfocent. stretches, ‘with distnet in locons between 
‘hem. This 18 not so wall sem the specteam, whers ont 


+ 


? 


ie 9am prea emanate 


of the sretebea a partly wanting (the purple), and where 
iecences sn brghtness are excesnve; but af ont takes 
4 complete teri of coloursives m paper of w gelatine 
sheets (al equally brght and equally saturated), and 
arranges them in onder upon the excamfeence of ete, 
We will be Impoanble not to see that the canes dows 
at vary iM the same may Yaroaghout the sale (es two 
‘ton have the seme sort of diflerence between each other, 
‘nz. that of higher or lower pitch, wo matter from what 
partof the scale they are taken}, but that there are dstinet 
Bracks in the sence If suck & sexes were to be fepco 
ented p a diagram, that could not be Bttingly dane by 
a cirelewa curve Of constant curvature; we shold 
ave to use a figure mth sharp angler in it, end, nape 
‘he number of constituent sxetches aa well ax the number 
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of breaks is four, the proper figure us 2 sqaare (Fg. 6)- 
‘On ane line of the calourequaze, adjacent colours der 
1B respect to ther relative Biocoem and sedan on 
another, with respect to ther reauive yelowoest and 
(provcnece; 1 9 an of ia one part of the tane-cal, Ora 
Sifaoant notes fered im respect of pech, and sn another 
part m rapect of some other quality not the eae ox 
Pitch. Thos ia te way the colost-ecale repretated iat 
fo the ancients, 2o Leonardo dx Ving, and to Goethe, 
and it was only after Newton's discovary of the 
Phenomena of colourmxture that thy fandamestal 
Property of the colour series became completely owt ight 
Of" The peychologts (these who efuey the exact 
debverances of coosacassees) owe 2 great debt of 
‘gabitnds to Henag for having retored to atcospecton 
ata proper umportance;; mee iw dncumon of this 
quation, t kas bean umpounble for anyour except a 
‘Person woo attends eolaly to the physics of ight to accept 
Wthren colour theory, of coe wn wich white s regerdad 
‘8. reeotalcoastraction out of any numberof colours. 
TE was pomted ont ditinctly by Leonardo dx Vinet 
thet the colours red, green, yelow, and blue difer in 
Jund from ch clown as onrge, vole, ec Ther 
amportant character evidenced by the antiquity of 
‘hur names: theve are so old, many languages, 18 19 
Ihave lost thear orginal ngmicatven, winle the iater- 
redate hues, valet, orange are sill called by the plain 
‘names of the Bower and the uxt which stand for them; 
and, strange to sy, we bave barily got amy (commonly 
acoepted) tames for the other intermediate colours: 
Diae-green and yelloingreen. (They might appropmatsy 
be called pencock and olive ; the Inter in sto ordinary 
sense is sather too dark and too froensh forthe midway 
calor between grees aad yellow, but ther ia po barm i 
hanging its agneaton & ittla for sxentiSe parpoden} 
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‘Bot, on the other hand, the theory of Hering fils to 
‘ake mafcient acconat of the facts regarding the mizing 
ff colour, These facts are represeated chagrammatically 
not only 2 the coloarcerves, bat alto an the valour 
Uriangle (Fun. 7, 10). The etter ex surface, and not, ee 
the amsical scale, a ne (even brokes line 29 not 
suffi), because vt represents two modes of vanation, 
Tine and antaration (tennty may be represeated also 
by extending the toangle into a wold body), and st 36 
‘angular Because the asmumpoen of three deants 
of maxture (or undependeat vinables) s» gulfoect to 
rode all the enlourtooes ia nearly spectral puny. 
This is all that the colourtrangle represented 10 te 
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cociginal acbateary form; the hypathetwal colourelements 
coald be placed at the vertioss of the least enclowng 
‘langle (Fig. 7), o at any otber powats that mere, for an 
raavoa, dearable. Some writers even esppooe, apparently, 
Aint wthing is reco i the cluntrngle except 

tarioes: of the ealour at the oppaste 
feik oft lae, Bot mack mre than ay oped 
by the colour trangle of Karag. 

"For the mbang of colvars, no method is of eny soentiic 
‘value sn which there is ao provinen for the extremely 
accurate measuring of the wave length am tho mtensty 
of several homogeseons constituents, By fer the best 
‘mathod af the pres tie. that roads we of 12 the 
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(very expennve) colourminng eppenstas of Helmholtz 
(Gade by Hanock and Scheu, Bein: for descrption 
see the Phynch Opi, p. 335). This is in eflct, a double 
spectroscope: there re two collmmator-tuber which 
‘throw light, after st has passed through « prim, sto the 
‘vo haves of a single telescope. Tho eyepiece of the 
‘telescope has been remaved, and « plate carrying « aarrow 
At pot ma place: the elect of ss at xm eye looking 
‘Uarough the telescope sees, not a narzow amage of the 
collimator, bat the whole suxfae of the pam kbted 
up by the homegencous light. Each callimatoretube 
carmies « double relcacting prasm of ealosper, so corected 
by a pram of glass that each ray xs undeviated un its 
course, and therefore atl parallel with the exis of the 
tube, “The two rays are the suze ws if they came from 
two unages of the collmatorslit separated from wack 
other by an amount depending upon the distance from it 
of the pnampar; aa that a changed, any ray of the 
spectrum can be brought anto comesdence with any other, 
aad ane the rays aze polaraed in dsectoons at night: 
Angles to cach other, ethec ray can, By mans of x Nicol 
plum also Inserted in the tobe, be modfed an antenmty 
At pleasare The telescope faces symmctoeally one edge 
of the man prs, aod hence there i exlubited to the 
ye field of view of coavenectly ange sze, ited up 0 
the left-hand bal by the coobunatn of any two colours 
Aalen from the spectrum farmed by the nght-hand 
ccallumator-tube, each preant in azy dered intensty, 
od mo the nght-band half the same thing form the other 
‘collsmatortube, of, at pleasure, x single spectral colour, 
‘or what light, 11 all be seen at once that Chis apparatus 
offer facihtes for makng colour-muxtures with which 
zo other method cen be compared. 

HE ouchalf sf the Seid of wiew of thay apparatus us 
filed with a combunabea of two different fights, and the 
other half wth a bomogensous light, or x diferent Hight 
usture, or white light, and if the proportions and the 
character of the several contitoents ere vane unt the 
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‘too half fekda are indistingnishable, we are said to have 
Defore us a colonr-equation. Tae colour-trisngle ix the 
diagrammatic record of the results of a vast umber of 
‘auch eolour-equaboxs. But it was only after the mooc- 
[poration inte it af the resatts of equations made by the 
Celour-blnd thet it acquired sts present importance, 

Te readily suggested itself that tho diferent qualities 
of the sensation of light, being two dimennicnal contums 
(abntracton being made of untennty) may be cepretented, 
Dy the pemts of a plane Far the euapler forms af vision 
aller umber of dumeonione is sutfcent. The totally 
colour-blnd perton has one pensation nly, « dull white 
1m dafferent degrees of brightaess; a sungle pout ut 
suflnent for the representation of ins sentaton-scale, 
‘The partully colour-blnd see two celours ony, yellow 
‘and blue ; these arefor them the colour of the two balves 


—- 
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fof the solar spectram ; they are sees in foll saturation up 
to wavelength 630 jy. 10 the yellow, and beyond wave: 
lange 473 py mn the Blue All spectrum effects between 
these two points exhib! a omoetant vanation m 
smturation up to whate self, and all such epectral effects 
‘ean be matched by proper muctures of the saturated 
‘end coloars, yellow end blue For these defectives, 
colourmoxtire produces no new hot, but meraly changes 
1m saturation; ther sensetionacale can be represented 
‘upon stright Line (Fig. 8). m wach the co-ordinates 
‘of any poants wall beg "rif the (susstorated) colour which 
at represents can be got by munng yellow and blas wn the 

one to mne, or whste and bive in the proporban, 
‘aun to four, and tus wall serve fix the pomtion of the 
spectral colour which tins rapture matches, The wave 
lngth which corresponds to the colosrless sensation, ¥, 
at diferent for the two sorts of cclourdefectives, 
‘roteronopes and enteranopet ; and it 2¢ also a httle 
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feregular ox accomt of dsSerent amounts of xbeorimg 
muatter fa the yellow spot of the eye, if central vision {a 
sade use of. There w another way of representing oloar- 
quality degrammatcaliy, which raat paralid to ths 
‘05, and wn whch the accounts of bios and yellow to be 
‘uted are reprvented by the ordnates of two curves, 
the abscisue Deng the wavelengths. The curves marked, 
K and W in Fg. & show the relave amomts of the 
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‘two andconntitnents wich must be mixed together im 
‘order to match the eoshzous spectrum for each of these 
‘tro clases of coloer-defectrecs. 

‘We come now to cast of zrmel vider. For such 
indivaduals it i oot posuble to match the whole series 
tf apectal colours by means ofthe twe end colours caly. 
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‘The mndo of the wpectrum are bere, as before, for sort 
Gxtance, of unverying ive, axa differ in intensity only— 
the warn end ap to G45 wa end the cold end beyond 
430 sus. Outside of these regions the spectral coloars 
anzot be matched by the ead calowrs, eter alone of 
together, bot ia necemary to falze wt «third constituent. 
“Thus thar constituent sn the first place chooen somewhat 
st hazard. (No sgle third constituent will gree the 
spectra! eoloars in full saturation, and hence a somewhat 
ore selurated geen than axy an the spectrum is 
hypothetically taro as the tord slement ofthe sensatien 
area) With these arbriranly chowen independent warnablen 
the colour-curves are ad dowa (Fig. Be) 15 found that 
they do not comade exactly with the curves of the two 
sorts of dichromates, the so-called red-bind 4nd green- 
Dlund (Fig 8}. Bot would they have comoaded af dftoent 

it vanablen bad boca chown? The question 
1 canly pat to the test: it is a simple matter of 
‘wutberatics (marly a chang 0 the tnangle of reference) 
to find out uf there are independent varables, that {s, 
uot quantities of bghts of particular wavelengths, 
sch that the entire spectrum as sean bythe throe diferent 
clatoes of dividuals can be bailt up out of lke amounts 
of two oF thre of the several soasttueats, To fact, it 
swan only neceamry to subsitste for the colours firtt 
choven others maxed out of tbe= w tht Wa, 





green curve of the nomial individual. In Fig, Se are 
represeated the tnal curves far Konig and Dietenci 
fn Fig. 9 the curves of coinedence for normal and sam 
elective indivduais. (in the dotted ime of Fig. 8a ia 
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given the green curve of a rather small class of individuals, 
first noticed by Lord Rayleigh and by Donders, who 
fier markedly trom the normal; they require, to make 
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VISION a 
‘Mering fala to taze account in any adequate way of the 
‘ach Yat the dichramates are of two diflerext sorts, anid 
‘that neyertbeleas their colooraystems are both simply 
[nomdlfermtiated) eysteme of normal coloar-maoa, 
On the other hand, the Young-Helolte theory offers 
‘no explamation, of any degree of reasonableness, of the 
fact that the two chasm of semidleectives, mstead of 
seeing red and lee, and green and blse, respectively ( 
(hey had done hs matters would bave Deen very ample), 
re, as 9 metter of fact, in both eases, glow and Tine, 
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‘This in proved beyond question by the case of unocular 
‘Astin! colour-bizdnese knows since £881 it wen alo 
Perectly well establabed, m 874, by Willam Pole 
{the well-enows anthortty on wht), by means of wery 
cute observations upon himself, 2 sem-defective, 
‘Sur John Heche, uaconruced by Pola, mid: 
‘What the sensations of the colour-blaw really are, wt 
shall never nwa,” quite oveciooiing the poomblty 
‘of cases anaing m whuch the delect should be fa one eve 
only. The theory of Hekabollz has imposed staet upon 
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‘writer on this eubject to each an extent that even now 
is hard to convince then that thee defectras are not 
* grea-blind “ar” ¥ed-Dund "aloe they alwaye neglect 
te meation what becomes of yell). The eeport of the 
Brtah Amocation Committee on coloarriman, no late 
as 3652, contaue coloared spectrom plates showing the 
tpecivan im procs ad Ue and fa od and Bloc, aa ot 
sapped to be wean by them detectives, and Abney 
‘proftes the same plate ths Tyndall Lectures on col~ 
‘vunon publihed im 1894." 

7a de present form the ciloartnaagle canatutm & 
sede mec foc bolding together far the eye a number of 
‘he facts of vinan. (See Fug 10) 

{a} Complementary eslour ae to be found at oppomta 
‘ends of bues through the central pout, W. 

(0) Tho dagren of whitenem of ay vompectra) colour 
caresponds tos neues (0 the potnt WY. 

(@) Any nomapectral colour may be made up out of 
spectral lights atuated at te ence of any Jie, drawn 
through the post whch repcesente it, med io the 

Inverte proporton of the correpoodig ingrents of th 
‘ne, a9 indicated by the several ines drawn through > 
in the Sguce. 

(a) The proportion of the " eersmtary ” constituents 
sm any caleue, apecteal or mot, may be got by dropping 
perpendicnars fom ite penbos upon the widen of the 
Cmngle; the peependicels pon BG will ge the 
‘asouat of re, ce (Thio a merely aging that wo bave 
pew a repesenttion of eastinuoi quantities x9 tems of 
(iinear coordinates) 

(¢) All the colours winch for the normal individual 
be on a sttaght ine throngh R, ae Rr, look exactly alike 
to tho " reb-bisnd ", and are represented fr hs by tho 
‘osst wich that line cata the ine BY. ‘The reo fot 
‘has u that the perpendiculare frog any point of such & 
fine Hy upon the fro det of the triangle, RB and RG, 

* cans vey mnomepsstatee—» camel om_af thee 
to ne dates nays Spine odpnemning ag aT 
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are in a constant ratio to each other; that is points of 
such a line represent caloars which conteun the Dive and 
the green elements in a constant proportion, and ag they 
salvo contain no red, they are indstinguishable from each 
othec, In partioular, the point im which the ine Rr 
‘cuts the curve of the spectral colours wil give the waver 
Tength which st cepcesented at the pout r. The same holds 
far the “ gree-bimd " and nes through G. 

() It ss commonly said in the textbooks that in the 
ring of coloured lights “ the nearec the homogeacoos 
lights urs to ane another the more vind or mare saturated 
vw the intermediate colour ” (Kulpe) ; this was a good first 
‘approximation ta the frue stats of the case, and the 
colour surface was properly represented at first by a 
‘arcle, Bat i i far from being correct. All spectral gts 
fon either of the two nearly strught porhous of the colour 
curve can be matched, with no dos of saturation, by the 
lights at the ends of these stretchea, although they ar 
‘ax apart. On the other band, colours taken from deffrent 
stretches, when muxed, show riped falling of in axturation, 
‘All thts plunly represented sn the shape ofthe tangle : 
if is componed of two recthhnear stretches (A 760 0A $76 
‘and 2 492 t@ A 470) connected by & portion of raped 
ccurvatore. 

“The theory of acing (which was frst sketched out by 
Mach in 2863)  s0 vastly supenor to the Young- 
Helmbolts theory, that matt it has fully diplaced that 
st is handly desirable to dascuss te Gements. Nothing 1» 
(pined for the theory by saying that opposite colour. 
Processes are due te asmlabon and dismmlaben of 
‘photochemical substances: the theory would be just as 
{good (and last open te objects) if the nature of the 
Antagonism in the chemical processes wert Ieft obseire— 
‘if they were saud to have“ etwas antagerustuches " aboat 
‘them, There would then be a> occancn for saying that the 
‘ack and white procenes have snythung antagonistic 
About them ; the secsations do sot, as = ruatter of tact, 
cextnguish cach other, hie blae and yelloe—they form, 
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1 quubty-bieod, bike bloe and gram ; that 2 to say, the 
Gistinctve sensation-quals of cach does sot disappear, 
‘they oth rama an the constantly varying series of the 


oye 
‘Hering has doce a great service 1m showing that a lange 
umber of the phmomena of vision are phynologicel, 
‘amd not of the nature of mental errors, but 238 foo mock 
‘the cutter of his school to consider that a phenomenon 
shun been explained by tbe theory when it han merely 
‘een transiad rnlo the terms of the theory. Thun when & 
patch of colour falls upon a bit of tbe retina, the sensation 
‘which it gras as accompanied by a sensation of the 
Opponte colour-character farmshed by the immediately 
sudjoming porton of the retina. Thus Hering explana by 
saying that, if the orginal odour is caused by an 
summation proces, tbe eftect of this us to stert up a 
iaminslation proces the adjomng region of the retina, 
and if it a dssumilahon process, :t aromee an 
saxiailation process there; but thisis nothing more than 
to my (ooce it is admitted that the smultencously 
induead colour w retinal that one process of x coloar pair 
Is a tendency, m the interest of a rectoration of retinal 
‘balance, to start up all around it the opponte procem ; 
‘nothing whatever 12 added to the intellypbihty of the 
reachon by assuming that xt is alternately aacimlation 
‘und dumimilation. That x6 to say, there 1s no specl 
reasonableness, darveed from our knowledge of the mature 
cof these processes elsewhere, in a patch of growth of 
chemical substance a the retina becomung immediately 
surrounded by a regon of decay, ar sa patch of decay 
encloaing itself n a reppon of growth. It 3 none the leas 
‘a matter of grett umportance that Hering has shown by 
large nomber of ample and mngeniout expenments that 
the phenomena of the afterimage and simultanenus 
light and colour ioduction are phymclogcal i ther 
character, and not of the nature of Wawons of judgment. 
fake an instance: i, while « constant fixabon-pemt 
‘is maintained, « number of different coloured objecta be 
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introdmcad at differnt times upon & common gray 
background, exch will be seen to gp through with its own 
eres of aftereflects and bovder-efocts exactly a if the 
‘others were fot present. So compleated «© sence of 
‘Usjonct but emaltansous acts of judgment as wonld be 
anvolved in carrying ost all these changes, diferent in 
Period ag well asm charucter, 1 quite moonoervable, 
‘There ss no doubt that Heimbolts was wrong 
ttnbating these coloar and brghtnes elects to errors of 
judement to the extent that he did; but sas also a reat 
mistake to muppae that there is anything mun 
saumlation-diesumlanon theory that as pecalsrly fitted 
to explasn then. 

‘The objection to the Hermg theory that black and whita 
‘are attached to antagocaste process, s ove that he could 
tay remove of he mw oocanoa for it, he would merely 
eed to assume that {bose sensations are attached to 
‘Photochemical processes in diflereat sobstances, or thut, 
for stance, white 1 renal and black a atk of tha 
reatng-tage 22 the corvcal portion of he total ight 
‘proces, Hut the fact that r¢ mast regurd red and green 
{ise colour pur whieh, when combined, reeult in white, is 
fatal to hus theory ; it 3s the most elementary tact of 
colout-moxing that real red and green mas yellow. Red 
and green are made ¢ vanishing colour pair an this theory 
nly by shoosng as fzndasestal colours (Grindtstben) 
tones whueh ae, i fact, ostnctiy blue-green and blueted. 

‘The two nal theores, thereore, are able both to 
continue to wnt only by means of the fact that each 8 
content to totally ignore the eeatral facts of nature upoa, 
‘which the other s butt ap. The Helzbolts theary haa 20 
word to say to the fact that yellow, made up of red end 
sreen, 15 yllne, and not reichsh-green, and that white is 
‘wine, and not « teddubgrecaub-bive. Te Hering theory 
2osis in complete obLwoe of al the facts of colour 
murture—the factt which, m the laboratory of the 
phyuclet, are almost exciaevely the anes that como wntbua 
fia leon, Tt ip small wonder that the saze divine 
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Tine separates the adherents of the two theories, ad the 
adherests of the phyuleal and of the phynclogoo 
peyehologialacinomm, 

‘Again, nether of the two reigung theones pays any 
attests te the fact tat the bummovr fanctizn hat 
robebly undergone, ke other funciona of the body, 
rogrmave development. But the structure of the twa 
Poinksalveady strcagly to this view. It has lately boen 
pat beyond questi (Ramon y Ceje) that the rods and 
Sones ropreeent not smmply sondental vanaticns 3 the 
‘tape of elements that are la reabty of semnr character, 
Dut that they are fandamentally ciferen, and un fact 
‘het the cones (wach, an ealy stage of development, 
sce ennetly lice the rods) are éiferentinted out of the 
rods 1a the direction of a higher structural develop- 
iment. Its not the emo ehape that xs ther distngusshing 
‘ask, however—te couely premed together cones of the 
fovea! do not differ m shape from rods, Tn internal 
Aruchure of thee outer members (te fallang apart into 
aes or dio, thr gly recive ccc, in 

of a fie covenngtabetance, in. the 
bon of thio pte Sete ut tanec 
{he code and the cones are exactly ake: but they dll 
markedly in the exdngs of tbe ce-fbre (we Fig. 3). 
‘The rods terminate in a vote expansion, a end-kned, 
‘which is grasped by the arhoneatons of the contiguomn 
Vipolar cols; the cones end 1a a more compleated 
stracture—an expansion of fnger-tke processes which 
sree severally into coonesson with diferent bipdar 
Jocones This dstinctive structure appear ite in the 
evelopment of each cone, nd 3 hence certaly late 
phylogenetic development. Jt points to a promimon foe 8 
Jesh maple sort of excitation cxadoctin Gan that of the 
reels. (ft appear from this that the rods apd cones ave 
vot been tamed from ther most ditaguihlng 
| tate errebaressonpn te proerng oom gaya 
2 Sheen of bane pote ech tad pemnang me 7 
‘rh ec epee frm ly 
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charactenstc—they should rather be thought of 
reepectively ax the Anobend and fingr-end cetzzal 
elements) The structure alone, therefore, of the virutl 
‘organ is encogh (ance the briliint anatomical researcher 
fof Ramon y Cajal have been accessible) to ake it plan 
‘that wt have im the vianal smwe an instance of progresave 
development 

‘But our lewledge of vasa! famctcn leads conclauvely 
tothe same view. The vital process not everywhere go 
complete aa it seems to us to be m everyday lle, when we 
‘make nse cluely of the portion of the retina near the 
centre, and take peripheral stimulations roerely an 
aflocding us a buat of what we are to look at next. If 
entcal vinon 1 cut off, and we look at coloured surfuces 
mith the extrema penphery of the eye, we perceive that 
ther colow 19 no longer dastizgushable — that all 
objects appear oaly mm various dhades of grey.” Ax mages 
fall upon retinal regions somewhat nearer the centre, 
yellows and blues begin to be peroaived, but reds and, 
(ffeens aze wll sexu only as greys, on as far a8 they are of 
‘purely fundamental tone , if they contau admnturey 
‘of blue or yellow hight, th latter bgt seen, but without 
any reddish oF groeaush tone Thus 2one of exclusive 
yellow-biue vinon may be called the mud-penphery. 
‘Within ths 1» the region of complete colour-vision, where 
all colours appear wa ther normal value. The boundanee 
‘of these regions are somewhat different, according to the 
sme and the bnghtness of the test objects chosen, and 
to the tume of their exposure." 

1 itech secoe to Reve stow (Pht Sat, 100) that othe 
uhwenttene prpinry, cee-vca w ponnlethet on ot Once 
‘rar bythe cena ests ofthe oth at Je 
‘iin | Tht woot be, ewer cowirnation of the heer, art 
‘Tet topme tha ar emuat fe vane ea nose eat) 

SITES space mane af th eens mann speosite Se Sue exer 
Teens 





se COLOUR AND COLOUR THEORIES 


‘These several capabilites of vision, according to the 
porbon af the retina wich modates it, can only be 
Tegarded a2 dierent degrees of development of the sense 
‘ofmgat. Exactly corresponding to these renal regions 
of the normal nye are the mast frequent case of defective 
Calonrsnaos. Ordanary partial colour bundness eansists 
of visiog for yellaw and bibe only (ranthobysnopis) 
and total lack of sensation for 2d and green, Tt is shi 
‘ersistently said that theee defectives fl to ditingusah" 
fe and green; they ful to distnguish thee becsase they 
tre totally blmd to both; they see i ther wad various 
‘more or ks whitish yetlows.' And though they are com 
‘paratively rare, the cases are pertectly ell marked, and 
ave now beea thorooyily well exrmined, of thove 
Individuals who veo no colour whatever—to who the 
‘world a hike & picture iz various tones of grey. [The eat 
belongs in th daw of the totally chroma-bnd } 

‘Tee mokcalar dsmocntion theory (theory of the 
Aifereatited chemwca? substances) * was devised with 
‘the antention of hitting upon. » conception which ahowld 
render intelligible bth the facts of colour-mture and all 
the paychological phenomena which the Henng school 
das done such good sernice wn bragng to the fore, and 
‘which should at the same time take aroount of the 
probability which 1s sow throst upon w, that colour is 
Phylogeactally a late acquaxtoa—that the pemzrtive 
sense was for the across luminous quakty only. If 


frst race witb gr om te aca cam (pene 
Ingeeldensaccede Pwaw, Phage dk 16, Cat, Pt 
[ine jy ot) Tana ok crag, cae eS A Pe 
‘unr ina be smovat cf ence etna 2 reyroem ok oy 
{tne urany of hgh. ots fast rato, Ab at otf 
‘ed dation can act opace enc etber ea mata, Sree, 
‘ne somannwtck rede anew Waco DN 
{ion (wheter ow ise sort Ggrtion, too wea suena 
‘Shay sha tn gro mart mate te pen POA, 
Tow tae grad cord ssa Ia toes Senge et 
alearan "bot ort tata Coar 
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the retmal tena of the Hghternse 3 4 photochemical 
|prooat, then this would mean that the aye whuch furnishes 
‘he colour-ense contaiss more complicated chemical 
‘substances than do the refine which are defective—or, 
Af the cones only furmh colour cemsatinas, that (he cones 
sontain more complicated chemical substances than the 
rods ; at the atime tame the total effect of compleaentary 
‘colour pair ix the cones must be the sume asin the rods, 
{or we tee whites inthe fovea (where there are cones ory} 
which are indistingusshable from the whites of the rods. 
Would be a diference of an adequate sort, therelore, 
if there were a chemical substance which in ths canes 
underwent partal disocetion under the ufivence of 
light, and differently for the diflerent regions of the 
spectrum, But which i the rode became completely 
dumocinted at once, and alike for all sorts of light. It 
Jhappeas that there a unmedate analogy Jot ths con- 
‘ception of & photochemical substance which wn 
Primitive eondition, duscoatod at once, but, im more 
2ughly developed animals, dawocrated sn successive stages | 
‘the rod-pugment, which exats fet inthe form of the vial 
‘purple, s fumed at once into the vaual white sm anumals 
‘below man; am man alooe vt passes through an mntet- 
mediate stage, the visual yellow (Kottgen and Abelsdert!) 
‘A change of ths sot, from a substance which ut decom 
‘posed all at once (im the rods) to a sabetance whic 16 
1m macomuve stages (in the cones), 1» jaxt 
‘what {Cis suficest to astune to account forthe fact that 
{ora the rods we have colonrien vinon only, and from the 
‘cones distinetion of colour, but such that there results, 
in the and, the same achromatic sensation sn both. The 
‘oustence of thus analogy in the rods for a change in the 
character of « photochemical substance in the cones was 
not, however, known at the time thi theory was 
proposed, The fact (for sach st sexs to be, although 
has not been explained yet bow other observers fated to 
notice i} was announced s 2595 
(Corresponding, therefor, to the sueceanvely developed 
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[powers of the retina for ght-diseriminatvens, this theory 
asumes x chemscal substance which 8, an the Srot 
Imnetance, completely dissocated by light of all lands 
(achromatic vinco) ; then (ownng to Gfferent synchronous 
intramolecular vibrations in 29 other way can selective 
‘Gtonation by light be concerved to take place . Ontwald) 
‘ferently distonates by the two balwes of the spectrum, 
(yellow-blae visoa) ; and, feally, suscepuble of partial 
iwocation in dhree diferent ways, but wath the 
peeubianty that out of the prodacts of the red and the 
freen dissociation there 13, reconstituted at once the 
fezcttant of the seasation of yellow light * The actual 
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‘moleculaof such a photo-cheaeal substance ws cetaunly 
extremely complicated, bat a maleale of complenty 
suficeat for the perpones ofthe Chery w= represented 
the dagam (Fg. 12. 


Acmowane Visio 


Uader Severn} deflerent ercumstances, mon musts 
aly for dades of grey—the fold of view 19 Uke an 
erganng (but a chiee Gmennons) 10 black and white, 
(here canes are that of total colour-blindnese (congenital 
‘or fom dnense ; that of the normal eye in the extreme 





penphery, and that of the oocmal eye when he 
‘inasoation very fant (nghtonein) 

‘The adherents of Uae Young Heimbolts theory nore 
the eastence of wiste a8 anythg except a pedact of 
the reoostructng rand, vod bao, in ae of plenty ot 
dai to” the contrary, the semesters Of age 
Individeas whare they samed" monocbromate” [what 
‘ould, of cose, be echromate) fn dstactea fan 
‘ordinary vito, which i tetackzomate, bat whch was 
‘alld, wader 
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‘richomatic) were dogmatcaliy afirmed to be vision 
‘under the (orm of rod or blne or grec, it was uncertain 
‘which 5 and the ealourleas sensations of the pertbery nad 
of a fant light, alchoogl they are patent to observation, 
‘were wholly overlooked. Even 20 late as 3594 Konig 
Afimed that the wsion of the faintdight “mono. 
Ghromates” was 1m qualty bine, in the face of the 
popular imowlsdge, “im ‘Duakela sind alle Katzen 
Pr") But as eacly an x880 it had bees pat beyond 
‘question by Becker's case of monocular” congenital 
(otal colourblindneas* thet the sensation that remains 
in that of gry ; ofthe pattent’s varon w normal with one 
yest ws umpoanible to doubt that be can desenbe correctly 
‘hat he wees with the other. Moreover, the numerous 
canes of woquaned total colowr-blesdes, which there 36 
‘no reason for putting wholly oat of court, and especially 
hose n which the defect comes on 1 ane eye only, oF 
in crcumsenpt repon of the retusa (lor mstance, in 
tobscoo and aleshal wetarata), bad abows conclunvely 
the mimp thio 

"The quabty of the sexsaton-senes1n all these casea 18 
therefore white—the diferent regiaas of the spectrum 
hfe 1 lumzoaty aly Zs the relauve lummomty 
of the specteal regions the same as for central 
‘vinon with the normal wya? Ta the case of the normal 
eye, estimations of bnghtnes are diffialt on account 
of the dsturbwag colour-dfierences, but by the method of 
‘the so-illed fieker-photametry they can be made with 
‘great accuracy. In 1884 Donder, and io 1889 Kong and 
Dietenci, determined the distribution of brightaess along 
‘the spectrum (the luminouty-spectrom) for the totaly 
colour-blid ; st was found to be quite diferent from that 
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‘Vision 3 
{for the normal eye, the maximum brightness being in the 
‘green Instead af in the yellow 

‘A toast smporiant advance in this mabject was made in 
1809, whens was found by Henog and Hilebrand that 
the lummonty-spectrum * of the normal eye after the 
‘Purianje phenomenon has sct un (zght-vision, darks 
‘adeptation) ut exactly the same as that for the totally 
colourbind at all umnabong* and at the sxme tine, 
Of course, very different from that of the normal eye 
in ordinary light. Thus 1s exhubsted in Fig. § (where the 
swale on whuch the several curves are drawa w $0 chosen 
‘that green, 2 $35, taken as alice all); there ea gradual 
filing off “an the supenoe Deightacss of yellow 
lunhl, ut a osctain low total Faminosity, the maxwaum is 
sm the groon, and at ths stage theres complete counaidence 
‘between the spectrum of the normal eye und that of the 
totally colourthnd Tas made ut Jouk a9 uf Henog’s 
bback- white valences “had, indeed, « veparate existence, 
‘and if spoke strougly agaunst the theory of Heimboltz.* 
Tt reqoied Hermg, bowever, wheross he had forme:ly 


Techermas). But the subyect was oon sftermards put 
lupon a very decent Sootng by Konig: be sowed that 
‘the (objector) absorption spectrum of the vamal porple 


1 1 wary dame fo wt fae werd emunty m pee bt 
nemyelecer weve extonmn eth aatnmng wash Pena tetaces 





56 COLOUR AND COLOUR THEORIES 


(Oat a, the relative amounts of the Light of diferent 
‘wavelengths absorbed by ft when sts extracted by gale 
fxd from 3 freshly enucleated human eye, and examined 
dmamediately, a2 & dark room, by excans of & spoctro- 
photameter) 1s alsy coinadeat with the (subjective) 
Tuminonty-spectrom of the totally colour-bimd and with 
‘that of the normal eye so a faust light (which had been 
town, as has Just bean sid, by Henng to be comctdent 
‘mith cach other) That forced upon one the conclusion 
‘hat st was the visual purple that was anvelved in both 
‘of these two sorts of vision, and thet that acted propo 
‘tonately to the amount of ight of any given inad that 
stabsorbed (Tiss is not always the casein sostances of 
Photochemical datocution by beat and light Cetwald,) 
Tt was not shows by this thet the visual porple was the 
photo-chemeat substance of the rods—st mght equally 
‘well act simply as an absorbent of an additional amount 
of hight. which would otherwnte gp through the rod and 
be font i the pigment epthehum and in the chorord 
The fact that it of a shyly diferent eofour wn fishes 
{and im fishes only), whose darkness 1 the darkzess of 
ocean depths (and hence ofa different colour from that of 
‘tha depth ofthe fore), parts ta absorption ats eaten 
function Stil lest was it shown that the rods fanct 
1m the darkness only, as v Kes supposes, on the 
coutrary, the change 1a the visual parple (eegenaratin 
1m a fant ght) 1s fost what needed to account for the 
changed valves of right-vison Again, it has been shown 
ty v. Knes that the peripheral achromabe vanon has @ 
iflerent distribution of brightness mm the spectram—the 
same, i fact, 28 that of the (heterochsome} bnghtnes of 
the centre ofthe retina ; tus poonts to the fat, not thet 
‘the exnes alone function m1 the penphery {they are to9 
fem for that), but thet the rodcnmon, thre if sr tof 
reonfonced by the xsuat purple, x the samo: sort of thing, 
5 regards its boghtnese-vabss, a5 vinan withthe cones. 
Tevhad been shows meanuzse (1898) that Newtmn's 
accepted aw of colourmxture did not bold at low 
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imtenattes ; ts pernstence under all ereumetancer bod 
‘been affirmed by Maxwell, by Aubert, by v Kres, and 
most vigorously by Henog. ‘Ths fact had an smportant 
bbeanng upon the discus0n. 

Tp the remarkable case of congenital total colour 
Dundness of Rachimasn (Arch f Augenb, u, 1809), 
the distnimtsen of bnghtocer mn the apectrim is quite 
‘unkike any other that has hutherto been observed . there 
‘wis an extreme darkening om the part that 1s normally 
yellow, and blue was proportrcally bnehter than for 
the nondelectrve individual ot the abnormaty m 
‘this case s clearly of cerebral ongun, a8 a6 shown by the 
{act that foveal vision was retained 


‘Tue Doone Sravcrone xp Tax Douste Foxcriox 
oF Tm Rerma, Rovs arp Conrs 


Interest am the phenomena of visual senssticn has 
‘omfred for sometime i the question of the divcnmnation 
of function of rods and cones, and in questions intimately 
‘connected with st. Tt would be singular sf organs of such 
very distinctive structure (knob-blee or else dendrite 
connexons wath the bipolar celis,Fig. 3), and of such very 
‘differnt chemical contents (presence or absence of the 
rod-pigment), should not play a diferent role wn the visual 
economy Nether of these objective differences war 
known at the time when Max Schultze fret made the 
‘suggestion that the rode constitete an organ for black 
andl white vision only, and that coloar as mediated only 
by the cones (28656) ; but there was already muffient 
(ground for his view an the fact that wn the retina of maay 
ight-anmals rods are found exclusively, o nearly so, 
‘This view exems to have heen very generally overlooked, 
(though thas been better kept mn mind by the anatomiets* 
Ramon y Cajal), uot Panngud renved st (2881), beng 
Jad thereto by the study of hemeralopra (dayhght vixon— 
right blndses), « disease in wivch the power of sommg 
‘things in a very faint Light, whack the normal person 
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acquires after remaining for twenty minutes or so i 
daria: (a power which may, correspondingly, be refed 
to ns night-ossion), is wholly wantong, snd in which there 
8 alm degencration of the pement eputhelmm, which is 
‘known tn be the source of the rusal parple (rod-pgment), 
‘As he pouted cat, animals winch lack the red-pement 
‘together (doves, chickms) are also ght 8 
couchent aver les ponles”. But this mght-vauon, which 
‘would seem thus 10 be rod-pigmest vision, is a form of 
‘achromauc vinon—in an extremely faint light all elour 
‘duappenry, and objects are seen only an shades of grey. 
‘Meoce :t seemed probable that the rods (at least, when 
they coatan the visual parple) are organs for colourless 
‘inoa only. (Parinaud scgarded—and still cegards— 
the vision ofa fume light x3 dur to the fvorescence of the 
visual purple; Dut that x mposwble, far st 18 most 
foorescent wien xt in sm its completely Dleached-out 
‘condibea—the visual white) 

Other arguments were added by Parinand. In the. 
‘vinon of approaching darknestadsptation, differently 
coloured anrfacea, before they wholly love therr colour, 
taffer a change of relative boghtnedt (bios shine oat 
‘pnllantly we semidarkness: this is the Purknjo 
phenomenon) ; bat ths change does wot take place if 
the coloors are looked at wath the fovea only, and hence 
(Gonoe the fovea xf Laciang 2b nothing bat rods) it must be 
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eis alo Parinaud who frst pointed out that at is only 
the achromatic constituent of the semustion that is affected. 
by this change In proportion as the blues become 
relatively brighter, they become also les saturated, 
and, sll more, the greens, x5 they become bright, become 
finally wholly uncsloured. The reinforcement occurs, 
‘that is to say, not for colour in itself, but only by way of 
‘minng in more whie. (Thus i saficient, doubles, to 
account for the fact that in a very feint epectrum blue 
{9 not seea at all; the spectrum looks aumply red and 
‘een, and this in sprte of the fact that the Parkinje 
‘Phenomenon 2¢ usually considered to consist exactly 1 
‘the brightening of thus coloar. The Blue becomes, in fact, 
‘4 much overlaid wth the white constituent furnuhed by 
‘the rods that st 8 n0 longer vinble us ble) Agu, this 
fading out nto an achromate sensation before becoming 
wholly extingushed—wtuch js what the Purkinje effect 
really contiste n, the change x2 bngbtness being an 
‘attendant phenomenon—does not occur in the fovea, 
Wa epot of coloured ight rs vo mommtens to throw vtsmmage 
‘upon the fovea only, then, however fant at is, uf at 18 
‘30en at all, i iy veew in ita true colour, not fit by mens 
of itm colourlem constituent. 

‘The arqurent in favour of a diflerence in function of 
rods and cones was thns already in the hands of Panos 
exceedingly strong. It happened, however, that it 
remained completely overlooked, and the several facts 
aptioed by him were reducovered by other cbuervern— 
the fact that colours seen with the foven ieck the 

‘achramatic stage of rod-vision by Koaig 
Im 1894 (" Ueber den menschlichen Sehpurpar, ets.” 
Suster. Abad. Wess. Beréin, at Jani, 3894: Kenig, 
‘did not, bowever, uphold the theory here an quettion— 
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he regarded the cones as catoptoc smstruments, wa. 
13 condmears for throwng ght upon the cells of the 
Pigment epithclorn, where he soppoesd al colour orooctset 
except Unt for blue to take pisce), the vormal mght- 
‘blindness ofthe fovea thats, the fact that the extremely 
fasnt lights which the rod-adeptation extsts for the sake 
‘of enabling us to see are wholly ssvimble mn the forea— 
‘and algo the total Bondsess om the faves of some of the 
congenitally totally clour-blnd, « tle eazhee by Ladd- 
Franti (od, 598, and Frac Amer. Payee, A200, 
Bod); the abscaee in the fovea of any change in the 
relive bnghtness-valves of dlerent spectral lghts, 
first rande certaun by ¥. Knes iz 990 by means of colour 
‘equahons im whch exch member 15 made alike an colour, 
although diferent 1m lightray constitution (Zevch f' 
Paycht, rons) Ths theoy of the probable difference in 
funchon of the rods and cones had already been ude 
(1802) the groundwork of the molecular dissociation 
colour-theory (or theory of the developed photochemical 
substances “Zasich f Prychel rv, 1892), stoesotroagly 
suggested by the fact that mght-ammals—ows, rate, 
molen—hava ratio almost whelly defcieot 1 cones, 
Tut contauning rods which are excaedingly rich an the 
veraal purple, that st would have beea siply asceptad 
ver sae itt frst proposal by Max Sehultze had tt not 
een that it was wholy contradictory to the reyming 
Young-Herabolte colourtheary ¥ Knes, who 1s & 
‘warm delender of the theory (but an the ferm that the 
rods are altogether a" darknesapparatas "and that, 
although they ovtwaraber the cones twenty to ane. they 
fre wholly functinless 1a an ordinary allamnation), 
apparently holds now fo the beet that there are (wo sorts 
of white—one physologcal aod tought about by 
Photochemical desecration m the reds, the other psychical 
tind due to a mental racoasttution of am eve red-green- 
blue sensation mto a sentaion of wndstingsoabable quality 
from the fit From the laboratory of v. Xnea have 
insued 2 number af important investigations which bave 
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bad for their object the extabishment of the dspunetion 
of fanction of the rods and the cones, to cefer to [thus 
Joageaince well made out fad, however, a6 the v, Kriss 
dapity theory (48s sll somsetmses Gone) isto make ise 
‘ofa three-fold misnomer] 

Hf the rods fumish cslourless vinon only, as st not 
poanble that the vison of the totally oolourclind 
“rion solely by the rods? If that were the case, thee 
electives thould be taly blind 10 the fovea, where 
there are only cones. That was found to be the case in the 
first nstance ofthe defect winch was tested sm this regard 
(Satcher Akad Wise Bevin, 22 Jum, 1894, 593) Anumber 
of cases which have bem examned mace won not to 
have had ts defect, but the cate of Unthotl, whch 
‘was frst annoanced by him to be without it, has since 
been found, by moore careful methods, to be netusily an 
snatance of total foveal bindsess. But, meantime, there 
dias been added to our knowledge of tus wubyect the fast 
that a patient of Raehlmann’s (Zaisch f Angenh , 
1899) had, with total colour-blindness, ‘perfect. visual 
acuity, which woukl not be powble without the 
unconang of the minute visual elements of the fovea 
‘Thus cave shows, doubtles, what was well known before 
{om cases a which the defect ws dc to dncase, that total 
cdlourblndness may be caused by lesions of atavens 
an the higher visual centres. At all events, the fact that 
there are well-marked anstances of foveal bindness ui 
canyunction wath total colour-bindness w concluave of 
‘he non-eustence of normally functioning cones sn those 
cases mn which it occurs. 

‘The lummonty-spectrum of dividuals aflected with 
cather of the two forms af red-green blindness bas been 
obtained wath much exactness by Ferry by the method of 
Acker photometry. Ke fads that the perastence of 
8 coloursmpresnon vanes snvectely wath the lummomty, 
tnd is sadependent of the character of the colour. See 
Fig. 12. 





{2 COLOUR AND COLOUR THEORIES 
‘Newror’s Law oF Covounsaxrones 
This Kew inten that if these are two pains of 
indvvingaidhable Ughteiateres, fhe double mixtures 
focmed by uniting then two and two wall abo be 
{ndistinguhable ; as « partcalar ease, one palr of lght- 
‘mixtures may be the sue as the other put, and hese 
‘the law covet the eappomed constant equivalence of two 
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‘nk eppearing light mexteres(witether coloured ar eologr- 

Jag), under all vanations of objective intensity. of 

silumunaton. ‘The case wich is of eapecial interest on 

account of the bearng which it has had upon the theory 
of Henag is that in which « ehute (grey) i= ade, oa the 

‘euchand, oat of red and Bae green, end on the other oat 

cf Glas and yolow, and the sntenaty of one oF the other 
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combination is diminished watil the two are equally 
Tight ; i now, the ismmaton for both mixtarea be 
amch reduced, do they oovtinse to be of equtl brightzess? 
For am account of the hustory of th question sce 
‘Tachermak, " Ucber 4. Bedeuting d. Lichtstarko n.d 
Zastandea dex Schocgacs fot farbloee optsche 
Gleichungen,” Pfage’s Arch, 70, 257. The law 1 its 
fgevcral form was tested expenmentally and afirmed (0 
be correct by Maxwell end by Aubert ty means of the 
oloorewhee. . Kies and Braumeck {168) teated ct by 
spectral lights and aguin declared it to be valid, At the 
mime time Henng publabed the resltt of ut own 
Investigation of the question, botk by caloured: papers 
and by 4 colowrminag apparatus, and declared the 
“complete constancy " of colonies and of coloured 
equations ander changung Wom:zation. Tae next year, 
in his paper "Ueber Newton's Gesets. der Farben: 
imischanges,”" he reafirased dh feralt an the stroogest 
tec and declared that any departure from Newton's 
law woald be wholly iscoamstent with the nature of 
things: he amtained ia partinlar that such equatoos 
‘ware not efected by the local condition of the retina, 
by fatigue, nc, in fact, by anyttung that could affect the 
vemporry exatabiity of the eye. v. Knes alo 

, im two papers, of 2876 and 3680, that 
‘equations of all lands penssted, no matter what the 
‘indition of the eye, Neverthel, the law 8 now iow 
Bot to hold: twa whites of dierent bght-ray cometution 
feed and bivegreon a8 compared mith yellow and bias) 
fer greatly mm relative brightness, according a8 they 
areoeen ata bright or «Sat illumination (Ladé-Frankin, 
Proc. Int. Cong. of Prchol., 892; Ebbmghtas, Zech, 
S Payehok, 1893) 

“Th phenomenon x readily explained a5 9 remit of the 
(rowih of the visual purple, the conaencn of which with 
‘She mpplemestary vison of faint ght waa sfbrmed by 
sme in £892, and put beyand question by Kocig in 28547 
‘this pigment is moet eGective for green hght, and hence 
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that member of the equation which contauns green as one 
clement of the mecture shunes out briiently when the 
sMluminatan is very much reduced The exhubrtun of thas 
Phenomenon 1s mow @ common laboratory experiment. 
‘Thus worked strongy aganst the Henng theory as held 
ft that tume, but Henog has now admitted the fact of 
‘the departures from Newton's law, and alto of their 
Deing due to the regeneration of the vassal purple 


‘Two Armm-mce 


‘The phenomena of ponbve aftersmages (pernstent 
retina) or nervous exctation) have been, of late years, 
very obscure, but the subject bas been auch cleared up 
by Munk, One thing that is plan is that the achromabe 
and the colour constituent of the unage (whether postive 
‘or negative) run a different course, and even that the red 
‘green and the Dise-yellow porsons of & muxed sematian 
do not alterats aynchroncasly (Walder, PAiger's Arc, 
1898) Another thing chat a8 quite certain that the 
Helmholtz explanation of the nogative aftersmage 19 
‘wholly inadequate Tt was frat shown by Mana Bokowa 
Gavsch. f rat Med. 3, ava. 18t, 1853) that the weanne 
‘of coloured glasses, if ade-ighis are whelly shut off 
‘will bring about temporary colbur-blindaess Coloured 
Ddyects, if gazed at wnt abeolutely conmant ration, 
‘become colourless . but they do more than that. There xt 
fone aunpie experiment, devised by Hering, which is 
Alone enough to duprove at once the msmumption of 
Hiekmbolta that the negative after-amage w caused by 
resdual fraction of the ea-ght of the rena It 
fone stands im front of a window, in a bright ght, and 
faates for a while a patch of colour. say rod, tt is then 
coaly secessuy to drew down 2 shade, o fa go to. darker 
‘part of the room, to find that the patch, the eyes Dang 
sll open and guzing atthe red, bss turned to a brifiant 
‘blue-green, Thus » quite mcomprehensible on the view 
of Helmboits; be wonld have ms believe that although the 
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yes are open and ganng at red paper in ipht 2s atesse 
ff that of the ordinary room, nevertheles, the alight 
Of he ret puss ett so to the fore as to counter: 
balance, even in als semeredsced condition (fatigue for 
red), an excitation winch shoald mocmally be red. That, 
{1 the eye should ok at wite, fatigue for ted would x36 
18 tose oly green s concervable; but how can there be 
‘ny rue came foc the producton of green when the 
tye m looking at the mont saturated slayeable Zed ?— 
{or red, on the Helzhelte theory sell (Passel. O96A, 
2370), conta oo admaxtace of whe. That the slight 
at th rota in wbolly adequate (othe production of 
‘tteramages bat bees shown sx deta, with spectral 
lughts, ly Hes, bat this smple expecment 28 suficient 
{to prove it to axy unprejadiced observer. Tusreare only 
‘two ways n hush they intense green-vinon dun, the 
laoking at ted can be sccousted for (1) to rappoe that 
atier eacesmve chemea! action of eae upd nature 
‘quckly gous to wark to perform the opponte proces if 
Amount ‘proper to reatoce the balaace (che opponte 
proces theory), oc else (a) that a chemeal substance 
huaving been partally Gavocnted by rod lhl, the 
astable readuum becomes im tura destroyed, mo the 
tatereat of the estorsb of the rabna to «lable capa 
for the reempucn of fred wepeemocs (ie rolecuae 
isvocation theory). 


0 
A NEW THEORY OF LIGHT-SENSATION 


(TBE reasons winch mae 1 pombe for most people 

‘to accept either the Hering the Young-Helmbolts: 
‘theories of Light sensation are femuliar to every one. 
The follow aro the most importent of them :— 

‘Tae Young-Helmhaltz theory requires us to believe: 
(a) something which is strongly contradicted by con 
sciousoess, viz. that the sexsation whute 1» nothing but 
fan even muxture of redgreen-bhuc sensations; (8) vomt- 
‘thing which has. strong antecedent umprobebty agnnst 
at, vir, that under cert defirate corcumstances (e.g, 
fo very ex-cantne parts of the retina and for the totaly 
‘eolour-blnd) all three cvloar sensations axe produced 12 
‘exactly ther anginal utegnty, but yet that they are never 
‘produ in any other tha that men mixtore wlach ves 
vs the sentation of white; (@) something which 
quantitatively quite imposmbie, vt. that after-rnages, 
‘which are frequently very balbact, are due to nothing 
Dot what 1s left over in the sel-aght of the retine eter 
part of it bas besa exhausted by fatygoe, although 
anyona cin see that the whole of the seflight is 
excessively fam 

‘The theory of Henng avouds all of these dificuites of 
the Young-Helsholts theary, but at the cast of intro- 
ducing others which are equally disagresable: it sina 
‘ugunst the frst prmaples ofthe nbysiologst by requirmg 
‘ustothink that the procea of building up highly organized 
sual tissue 2s wef in giving us Knowledge of the 
external world wnstead of supponmg that st takes place 
(es m every other stance Known to us) simply for the 
sake of its future mseful teanng down; i ntcesanly 
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‘brings with it quite hopeless confusion between our 
{eas of the drighness and the ratte whlencss of a ven 
‘smut (atin proved by the fact thet it enables Hering 
to rediscover, under the ams of the specie brightness 
cof the different coleur, a phenoreenon which ts 1oog 
‘bem perfectly well known as the Purkmje phmnomenca) 
‘the theory is contradicted (at least the present conception 
‘oftt) by the following (ew) fact—the white made cat of K 
and 1G is wot the same ching 28 the white made oot of 
‘ue and yellow ; tar if (beng rouced en the eolour-wheel) 
‘hese two winter are made equally brght at an ordinary 
mtenaty, they will be found to be af very different 
‘brightness when the umnaton 1s made very fant 

Nevertheles, the theory of Henng would have to be 
‘accepted, ut were the anly possible way of eacape frosa 
the diticnltes of the Young-Helmbolts theory. But 
‘these dufcalties may be met by x theory which lns the 
{ollomng for ts peane;pal asramptons 

In us earhest stage of development, vinen conasted 
of nothing but a senmtion of grey {if we nse the word 
Sey to cover the whole senes black-grey-whnte). This 
fansatien of grey was broogtt about by the action apan 
the nerve-ends of a certaan chemical substance, set free 
in the cetmaa under the influence of ight. Tn the course of 
development of the vuual sense, the molecule to be 
chemically decomposed became so diflewentated aa 19 
‘be capable of lonng only a part of its excting subetance 
ft once ; three chemcal const:toeats af the exter of 
‘the grey-aensation can therefore now be present eparately 
{under the milaence of three difereat parts of the 
mpectrum respectively}, and they severally cause the 
‘ensations of red, green, and blue. But when all three of 
‘these substances are present at once, they recombme 
to produce the exciter of the grey sensatien, and thus it 
happens that the objective moung of three colours, ia 
[proper proportions, gives a sensatssa of mo colour at all, 
‘but only white. 

“This theory is found, upon working it out in detal, 
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to avoid the difteuities of the theanes of Helmbettz 
and of Harm. 

Its assumption of a separate chemical process for the 
production of the smsation of grey gives vt the eume 
great advantage over the Young-Helmholtx theory that 
{ pomeased by the theory af Haraag, xt enable, oamsty, 
‘to account for the rematkable fact Uhat the sentation of 
rey exists unaccompaned by any sensation whatever 
(of colour under the five fallownng sets of circumstances — 
‘when the portion of the rena aflocted i» very small, 
when its very far from the fovea, when the Usmunation 
vary fat, when st very matense, and when the retina 
1 that of a person who 1 totally colour-bhnd. Ths 
advantage my theory attauns by the perfectly natural 
and smople ausumphon of a parka! decompomtion of 
‘hemscal molecnles; that of Harng requires us ta suppose 
‘that sensations #0 closely related a8 ed and green are the 
‘accompaniments of chemical procesves 30 disnmilar at 
‘the bulding up and the teanng down of photo-cleaucal 
‘substanoa, und farther Unat two complementary coloury 
call forth phato-chermcal procestes which deatroy each 
‘other, mnatend of combunmng to produce the process which 
‘undetlea the sensation of grey. 

‘OF the frst four of the above enumerated cases, the 
‘explanation wall readily saggest atoll; 1m the case of the 
‘totally coloar-bind it a ssmply that that differentiation 
of the prumher molecules by hich they have become 
capable of lonag caly a part of ther exating substance 
at one time has not taken place; the conditgu, sn other 
‘words, ot a conditon of staviem. In partal coloar- 
‘blmdness, and in the intermediate annes of the retina in 
normal visa, the only colours percaved are yellow and 
‘blue, This would indicate that the substance which in its 
‘Frinutive cond:ton exctes the smmaton of grey becomes 
1m the fint place difereatuated into two substances, the 
exaters of yellow and ble respechvely, and that at a 
Iter stage of developaient the exeter of the sensation of 
yellow becomes again separated into two substances which 
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‘produce renptctively the sensations of red and of green. 
Tn this way the umciary (non-mxod) character of the 
temation yelow 1 socountat for by a Unrencolour 
‘thenry us completely as by a foarcoloar theory. A three- 
colour theocy 13 rendered a necesaty by the fact that st 
alone sx reconalable with the results of Kong's 
‘expenuments for the determination of the colour-equations 
of eoloar-bind aad of normal eyes? expenments winch, 
{ar exceed 1a socuracy any shuch have yet bom: made un 
‘olour-visian, bat which owng to the satncate character 
fof the theoretical deductions made fom them, bave "ot 
Intherto been allowed their due weight sn the extrnation 
of colour theones. 

‘The explanation whuch the theory of Henng ges of 
afersmages and of semultaneons contrast are not 
‘explanations at all, bat werely trunilatons of the facts 
‘nto the language of hut theory My theory 1 able to deal 
‘with them more satifactanly , when red ght, sey, has 
been acting mpan the retina for some time, many of the 
photo-chemcal molecuka have lost that one of the 
Constituents which 1s the excter of the red sensation ; 
‘bot in thu mulated condition they are exceedingly 
‘unstable, and their other two consttoante (the exctert 
‘of the sensations of blue and of green) are gradually set 
‘ree ; the effect of tvs 1s thet, whe the eyes aro still 
‘open a blue-green vensation 1s added to the red sensation 
‘with the remlt of making it gradually fade ovt kato white, 
land, uf the eyes are closed, the cause of the blue-green 
sensation perasts until all the malocules affected are 
totally decomposed. Thus the actual course of the 
‘sentation produced by loolang at 2 red object—ats gradual 
fading out, m case of carefal Sxation, and the appearance 
‘of the complementary colour st the slhtmnation it 
dumumched or if the eyes are closed —as exactly what the 
ongmal assumption of = partal decomposton of 
molecules would requre us to predict. The wellesown 


4A Mang and C Dieta, Sumy dered 48,29 Jue, 
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extrmme cpidity of the civalaton in the rena would 
Imake it unposule that the partly decorapsed molec 
ust refered to aboald remain snihsn the boundaries of 
{te parton af te retain wich they aze frat prodoced : 
and thas completed docompotbon ater they have passed 
Ybeyond these boundaries is the cause of the’ com- 
Planetary colouremseten which we call acraltantou 
Eoniras The spreeding of the actual calor whch 
Succeeds at would thea be secousted for, as Helmbeltz 
Suggests by daffanon ofthe caloured bgt ia he various 
smadia ofthe eye. 

‘No effort has hitherto been ade to explun a very 
remarkable fature im Ube stroctare of the retina 
the fact that the retinal elements are of two dierent 
indy which wo ditnguish as rods aad ores. Bat thin 
srocure becames quate whet ove mupit expect, i we 
oppose tbat the toda cotaia the wsdeveloped molecules 
‘which pve ts the smsatioa of grey only, while the comen 
Cantar the coloar roleaie, wich cxvee wemsaboas of 
{sey and of colour both. The dvizibution of the rods ad 
‘cen corrnponds exactly. with the datnbation of 
senwiliveness to just perceptible Ught and colour 
sexaations as dotermined by the very raf expenmenta 
of Eugen Fick 

‘Two other theanes of ght seombon eve boca 
proposed, bendes the aoe winch T have hare outined, 
tater one of whuch meets the requiremeots of « posable 
‘theory far better than that of Heng or of Helmboltx; 
‘they are those of Géllee® and Donders.+| The formet 
tm a payweal theory. Tht ef Denders os a chenleal 
{eory, and very salar to the ona which T bere propowe, 
Byery chemical theory supposes a ting Gowa ot hghly 
complex moleciles; Donde thoary supposes ia aden 
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‘that the tenring dows 1m question can take place in two 
mccettive stages. But Dendmn’ theory ss necamanily 
1 four-ealour hoary ; and Denders hamsel, although the 
experiments of Kéalg above referred to had not at that 
time ben made, was #0 Rraogly convinced af the 
necessity of a three-colour thtory for the explaration of 
some of the facta of calour-vision thet he supplemented 
Ins four-process theory in the retina with a three-proceas 
‘theory ip the higher centren, The dexrablenees, therefore, 
of devising & partal decompantion of molecules of ouch 
‘a nature that the fundamental coloar-processes aanumied 
‘can be three in number matexA of four is apparent. 

‘But the theory of Donders is open to « still graver 
‘objection. The molocaia esromed by hirn mast, n order to 
‘be capable of four difereat pem<desocations, consist of at 
least exght dierent atoms or groups of atoms. The rede 
(gen dimiocations and the yelow-bine diswoaations wo 
ay then represeat symbolically by these two emgrams 
reapectavaly "— 

we 1a 
oy . Hi 
‘ ? ‘ 
os as 


But at will be observed that the two completed dite 
soantiona end by having set free dyfirent combmatons , 
1m the one cate 1 combined with a and xn the other case 
ateombined with, ete. Uf, now, the parbal d:ssocations 
are 0 unlike a8 to caiste senastions ef yellow and blue 
(or of red and green) t 1s not peobable hat completed 
ucociations which exé im setting free diferent chemical 
‘gombmations should produce the same sensation, erey. 
‘The difficulty untroduoed by Dondery' theory is therefore 
(asin the case of Hering’s theory) as great asthe dificulty 
sought to be removed. Te w the denre to secare the 
advantages of & parbal dissonation theory, without the 
<lsadvantages of the theory of Daoders that bas led me to 
‘deve a partial diswcintion ofmoleculcs ofa diferent nnd. 


m™ 
ON THEORIES OF LIGHT-SENSATION 


"TRE tre theses regard to the snution produced 
bby light which have divided the attention of the 
centile world for a Joog tune are both theroughly 
aunsabslactery. They bave, un spite ofthe fact, together 
0 completely guned possession af the fed that time and 
dlort ary well spent in setting forth ther weaknatses, 
‘and in endcavourng to make way for more reasonable 
canceptlans + 

Let us connder for & moment what it is that a ight- 
sensation theory has to de. Our koowledge of the nature 
of the external phenomenon, energy radiations 8 hghly 
developed. We are perfectly agreed as to the foal 
season which the normal human bang receives fram 
‘given wavelength, and from a gover muxture of wave: 
lengths. We have, moreover good idea of the anatomical 
make-up of that very corophorted structore iz the back 
cof the eye, the retina, which we koow must be the 
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icient agent mm the transformation of lightwave: ato 
tomething capable of bang conveyed along the optic 
erve and of aflectng consciousness 28 3 easton of 
light. But 43 to what it Ss that takes place ra the anter- 
young manent, we are absolutely a the dark The 
ances ofa ght-enaxten theory ato moe os of the 
ceiifc bmagpiton to deve some 20 of & proces an 
the reaa which shall constitute 0 reasonable connecting 
link between these two class of piesomena—a peoce, 
namely, auch that it aball plaastiy and nacarally red 
rove tha known properties of ight, and shall have ey its 
hatural and simple comtyoences the mown phenaroena 
Oflightsaenaation AS to te actual nature of Unt procesa 
{1 cannot be too much inusted upon that we have no 
miinediate hope of gumng izomiadge In other words, 
‘the requirements whuch a ight-aenation theory must met 
tre oll larga of «logcal nature, and the proper word 
for i dengnation wot theory, but bypothans. The 
ratisfiction whieh we should feel 2 a good bypothess 
would be  autsfaction, not af the knowledge loving, 
‘but of the lopedoving part of eur emotional natore, 

"The retinal proces wach we fel ourselves called sip0m 
to teagn may be of an electrical mature (we know that, 
‘hen light falls vpon the retusa, electneal currents are 
prodvced), and it ray be of « mechanca! nature 
(Petmbalt’ theory arypnally spoke of mbrationa produced 
tthe werveends); a rather good theory by Goller 
‘makes uve of oor knowiedge of circularly polarised light: 
56 st aay equally wel be that the proc canocramd i 
ol soch a kind that st bas no counterpart elewhere 
sm natuze, and that we shall weve ho a poi to oxma= 
prebend it Bot atthe present tame the emezyptca of 
Some sort of photo-chemcal proces as 2 bans seem 10 
furish the most satisfactory cesta, and st 16 upon thie 
samumptou that the theones of both Heimbolte and 
Heng are 20% bat xp. 

‘Woat, then, are the respective last ofthe theories of 
Fielmboite and of Henag towards farmshing « logeally 
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mitisluctory commechmglink between ether-waven and 
light sensation ? Let us refresh our mundi, for a moment, 
faa to the nature ofa lop-ally satafactory theary by cxo- 
sidenng the theory of the sensation of sound. “Here we 
avs, externally, wavemoton, as ja the came of light, 
except that it is wave-otion in 3 coarser medium and 
‘of uch slower period. In the ear, we find a structure 
‘which a very good teptodaction of a miucal snetrament, 

For this theory we owe « debt of profound gratitude 
to the incomparable Helmbolts, Bot bas Helmbolts, 
{following Young, been equally happy = bis ght-sensation 
‘theory? Exterually we haven vary sunslar state of things 
to Uhat which exatsin the region of sound, namely, asumple 
smries of ibextion-penods. Bat of wa quastion conscimns- 
‘esa, We find something very different 1m the sensation- 
wale, For every vibratzon-penod (onthin w certain degree 
of fineness of measurement) there it, ¢n mosscal sound, 
42 distct segsation ; but the converse 4 not trme— 
itis not true that given the vensation ene can predict the 
vibraton-penod; on the contrary, the colour-tone 
produced by a grrex wbratian-period cin, an general, ba 
‘exactly matched by large number of pairs of vibration- 
‘peniods, one mare and oce lem repad then the ane whoch 
‘Produces the required result. Moreover, there it a whole 
series of rntermediate sensations between zed and blae— 
‘the purples—whuch are produced by 0 single ware 
length whatever. The fact that the parpies musi be 
‘mixtures led naturally to the hypothens that otber colour 
‘tones (when they are plunly doa colour-biends—tbe 
‘Dlue greens, afc.) mght abo be muxtures, and to the 
assumption of ¢ least sufient aumber (three or four} 
of fondamental sensatios, and fundamental retimal 
‘Processes, oat of whose muxtares the whole contmanm 
‘of colour-sensaton might be produced. The colours which 
are, by Heluboltz, swromed as fundamental, are the 
colours correspanding to the wavelengths A 470, A505, 
and a abghtly more buh red than the extreme red of 
‘the spectrum. (By chance Helmholts and Hermg are in 
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<dlose accord in repect to the Faodamcatal zed and bloe} 
So far an this character of sensation 1s concerned, the 
‘theoty of Helmboits = faliy adequate to ite explanation, 
and of oor ight-senstions bad now beon fully dexenbod, 
the theory would be beyond reprosch. But thats not the 
‘ane, Besides all the colouracasions, meiudmng the 
purples, we bave a whole sence of sensttions which we 
‘allesloar das or white. How docs the Helmbolts theory 
ccount for the seasation of white? Helmholts, at 
‘wel Known, has Been snceesfalan explaining cing ef the 
euverances of oor consmoumens to be of fhe autre of 
{2 las of tho aderent. We tank we” na abject 
‘which we are not loolang diretly at to be near, and 
Rootker to be far, when it rality the sesatioe 1 merely 
fang of distance apert of dubia images; bot ths seamtion 
‘has bows wholy merged into a figs (ot calling up an 
semory as idm of how far we aboaid Inve to move the 
arms or the legs to reach that object Again, we nay that 
8 given object fels wet; but an attet ve asaya shows ws 
‘that « feehng of wetness uf, 10 reality, a fumon of feclings 
‘of mocthness, softnem, and cold, and thet its illusory 
‘tary character ws dae to the fact that the three 
tecaatons always occar together when we hrve otherwnae 
Amowledge that water bad been poured upon the object. 
Un other words, severel smoatigas which are an realty 
‘dutise? are, t0 the unattentive obmerver, fused into % 
tuppoood sensation of watersean, poo the general 
‘cpio that our sensations are of interest {0 ua merely 
A sigan of external facta, and that a group of wel-kaom™n, 
seattons may early seem to be a new amgle senmtin 
‘when it has a angle and constant oraze, or when thee is 
ay other eases forthe sasaton-roupe abways Drang 
{n coajoncton. Te upon thn prociple that Helmbelts 
explsing the sensations of wiste There 2 no auch 
section, be mye: bot, yoet as when red and yellow ace 
present 0 certain proportae, we may call the seasation 
ty a uew name, term cotta, so when Fed, bine, and gram 
ate present m equal amsounte—that ig wben a wen 
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object looks just 23 re az ooks blue, and yost as green 
fn: looks red—thea we suddesly jum to the conchnon 
‘hat we Rave no coloared object at all bfore us, bot a 
calourdeas or white object. Ia reply to ths hypotheam 
2 sour be sada the ft place, thet however socutomed 
‘we may be to calbng a certain object terra cota, we ea 
Dever be the couscous: Cat the colour an question 
resemble red and resembles yolow in a vende ma wich tt 
ons not resemble green, for matance; but tat the 
‘stinguahnng charactensuc of the seasaton wiote ip 
tat the most attenuve cbarvatien tas to mable us 10 
detect in it the aghtet trace of a resemblance to any 
ccalour whatever. Ia Us second place, Ubee ot another 
tangle quabty that all waste objects have in common, 
ati here & common cause to wiseh ther whiteuna 
ray be attributed ; and beoce a» ampoxable to aga 
any ground for the extzxordinary tsaion by winch a 
even redreenbive sensation sems to us to have wholly 
Jost its redaess, greennens, and Bloenest, and to have 
Acquired a sensation-qoalsty of a totally @iflerent and. 
i wlate objects had 4 common ne, oF a commoy 
temperature, ught be poouble that we sbveld always 
oan three Gatinet sensations nic one ox. thar behalf, 
Dut that u not the ease. What Hebmboltz asks Us t0 
Daleve about colour would be paralleled sn the regen 
of taste, fit were the case hat ux every mixture two and. 
‘to of pepper vinega, and el, we cou play tate the 
clamenisef the combsation, but thet when even murtures 
ol the thee substances were offered ws, the taste of all 
‘thoes constituents should suddenly vanish, 0d be 
replaced by » tase of totaly different aod —any, by the 
taste of nmastard. (And st i aot Heknbot only who 
1has cammutted the error sn thunlang : all the phymasts 
(orth hardly any exceptions) are tilts the same boat.) 

TT maintam that so attely groandins a ypotiens 
as tha would never Lave obteoned a moment's credence, 
dad it not been that at the tame it was proposed the 
scence ofthe pepcbolagy ofthe organs of score had hardly 
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an custrcce From the fact that the plymscal cause 
of the amtion of white was nothing but the coincidence 
of the physical counes af the seuss red, grees, and 
‘ue, nothmg seemed euner than the lxp to the conehsten 
that the tansanon white was the comedies of Ue 
‘unsatione 70, groan and blue, Bot tae tnthod of 
lberstaly sgoonmg the delverances of consciousness 
tas fallen tue out of fashion, and 3s roomy met 
‘otha partcalary crushing blew; herent recent nedeat 
In the hntory of steace whsch of extreme importance 
oc the payesologt, but whveh bas aot been suieatly 
inet wpon by tom The common mas always stouty 
‘mauntained that heat and cal fl to Bim lke two diferent 
sensabor-quaitie,, sooomparable wath exch ether, and 
not dike Beat by itself or cold by viel) lke ditoent 
Intmaios of ce and the same sensatneo But the phyurit 
showed hum the evenly nang and falling column of 
rmoroury inthe thermometer, and landly explaned to him. 
that ha oot comavaiaese was thickly ovetlad with 
Judgment Tumors, and with that the cman man had 
to be content. But m the progras of out knowledge xt 
‘was discaverd that (here 1s x certain degree of eDerRy 
of ethernbrations above which the ceslting omiatonn 
‘ce conveyed By one tt of meres aad below whach they 
ase conveyed by anuther of were, There 1, thecefore, 
‘to reason for donbting that the pbysologeal preosten, 
nd ul the more the conscious sensatcns of heat and cokd 
fr, in rabty, dstct. This i a piso cf somoe story 
from wtuch the physest, fhe ie use, will ear « much 
‘needed Joe of boty. 

Tot ll these theoretical conudections strmng as they 
fre and important as they are for the perfecting of out 
methods, eke act eitental to the dimrediting of the 
Feknbaltz theory. That theory is already ‘Tendered 
suffently improbable by ite totally adequate method 
‘of accounting for an important senes of facts. On the 
‘arpa ofthe retina of every human beng, and througout 
‘Due ratina of th totally colour Hima, here 1 20 senatve- 
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nem to colour whatever, but perfect sensitivenams to 
difieresces of Inghtness of the senmtionquile, white, 
‘Moreover, when the Tiuminate is very faint, the normal 
(eyn owes even in the fovea wo colour, but only diferent 
Intensities of grey, and the distbution of baghtnes alaog 
he epectrum is exactly the sxme for Uve normal eye under 
these conditions as for the aye of the eoloar-bund. ‘There 
in every reacon to suppose that these catea of vision 
‘without colour are m the mature af defects—that the eye 
ssn a less Righly developed condition than sual. What 
‘explanation ofthese phescmens ss offered by the followers 
‘of Helmboltx ? They ask ws to beheve that in these 
‘aluarmal cases the Uaree distinct halo-chemweal frocesre 
iat sn thear onganal integrity, oaly that they bave boen 
30 altered as regards their receptivty to the influence 
of bght that every vibration of ether (theoaghont the 
vvauble spectrum) no eater what :t9 period, exates thex 
all im th mace dagroe ; that whereas these three powers 
‘casted in the rat mstanee merely for the sake of enabling 
tun to diatingniah betwoen diffrent parts of the spectrum, 
they are here, for no conceivable purpose, ao altered that 
ovary part of the spectrum aflcts them all three exactly 
ake. They asi of to believe that all three fondamental 
‘seuations also ext in ther origmal integnty, and that, 
‘Whe we can 0 Langer vee red, grees, and bhve separately, 
‘we can stil se them sn the mixture wtuch we take to be 
white, with exactly the ance perfection un before. Fick, 
to whom 1 nsually attnbuted ths wo-caled explanation 
taf non-cslour vision,* himeelf admits that se amptobable 
‘2 conception would not have been Ist upon, {fa theory 

1 Fei’s ecjlanate war. relay. int mgpuin! by Kaiba, 
sstiengn Habs Lana sia fo anv forgeten te fect Toe 
‘pumngt om gues rent Cae Machnage toc foe sie of th 
Pippetape Opes pS aan hate eben a te Ga 
(e Imeewttarees, Dg Uo, fr Se re Ares atest 
Steers oes tate, ott de soe val sone Verh 
Sas Son ee ee 
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‘were now for the fst time to be made up; end it mat 
‘be remembered that, at the time it was brotched, the 
facia were Zar lem well knows than they aze nov.” No 
‘cues of monocular colosr-blindoess, ether partal or 
‘total, had then been checovered : and soch cases are of 
‘most entical importance for any theory. The original 
suppontico of the Hehmboitnass wes thet oce or the 
other of the three sorts of fibres was either wanting oc 
‘panuiyned "; this had. m fact, already been suggested 
‘by Thoraas "Young. A perton who is green-bhd ought, 
‘wpon thus uppouton, to sees whute only :ts red and biue 
ccmshtuents, and besce white ought to Jock to him as 
purple looks to us. As long a2 his defect mace him 
texpable of explasing to us what he fet, the might 
perfectly well, for wught we knew, have been the cate, 
But we know now that 3 person who i green-bhnd 1a 
‘ue eye only sees whste wath tos defective eye exactly 
the same as be sees it with his normal eye hence thus 
explanation can only be retained with the sd of an 
cocenively strong daft upen the aluzon of yudgment 
Aoctrune, Nevertheless, Haimbolts hime? seera not (0 
Dave given st up (Phynet Oph. pp. 373. 374, 204 
‘tution). How if can pomnbly be made to wark for tatal 
colgur-blipdness, Iam at = low to endenviand, When 
al three fres are paralysed (or, a8 Helztholtz would my 
now, when all theee photo-chenical processes a0 20 
abeyance), what remaiza oct of which to make the ted- 
binn-green sensaticn mature which we call white? It 
1 true that total colost-dindoees 4s rare, but it 18 of 
‘toad uificance, and cases of it have bocn thoroughly 
‘xtrumed both by Kong and by Hermg. It a wngular 
fact that Hebmboits, m the second edibon of Ins book, 
ves the bmelest pousble mestion af total colour-uhnd: 
‘ets (p. 967), od does wat mention (00 far as f ean find) 
monocular total coloar-bhndnean at al. 
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‘The indapensablmen, for axyoae who thaks upoo tins 
seubyect, of 3 theory which sha make provision for wlute 
aga distinct sensation, hat caused the theory propoted by 
‘Profesor Henng to have many adherents ; and brs theory 
ian fact, far more adequate to the requstements of the 
‘case than i the theory of Helmholtz But at what a cost 
‘does be provide ut with « separate procam for winte 
In order to accampin® it, he has attached to chemical 
peocesses, whuch, indeed, are wall mown to ent, functrons 
‘which are abiobstaly without parallel iu the physiological 
‘economy, Everywhere else the purpotes of lfe—acton, 
feebng, thought—are subserved by the tearing down of, 
‘complex chemica} structures, and these are afterwards 
Dbullt up by unternal forces for the sake of ther futare 
useful destractioo Wot Henng would have us believe 
‘that, of the two halves of the spectrum, one act# con- 
structively apan photo-chemncal eubatance, and the other 
attractively. and that both actions are abie effective 
aving Us sensations of colour—that processes so widely, 
‘usizular sn thar nature as auszolabon and dumznlaton 
are not only both the bast of sensations, but of vensations 
‘90 bie 1a quahty as are two adyecent colours of the 
‘spectrum. And ths 1¢ not the only fatal objection to 
‘the theory of Henng. “Hopeless confisan 1 sntraduoed 
{nto all our coneephoos of coloar when we are asked to 
Deueve thot the entice bnghtness of every seusation of 
ght 4 nothing bat the boghtoss due to the white 
wenaaton whieh 3 mixed orth {&. This dificulty a not 
‘obvated hy Henng’s Inter view tbat coloure of one exd 
‘of the spectrum comteibute someting to the beightoest, 
‘and those of the other take eway something from st; 
for there remain intarmedats wavolmgthe to which 
‘the objection applies an ats engual force. Can they be 
‘Bunkmg beugs who bare allowed themselves to follow 
‘Herm into the intellectual vagary of mipponng that a 
Perfectly saturated red, far metance—that 16,2 7ed wholly 
‘ree from whute admxtare—no matter what the amount 
‘of chemical activity which called it forth, would have no 
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Deghiness whatever, that there woulé be sotingg m 
sensation corresponding 9 difizeaos 3 amount of this 
‘Photocemal pease? 

‘At Profemor Leber Bs well sd, what people. have 
found attrachve m the theory of Henog isthe fact that 
1 nig an ndependent exateace to the seaation of 
‘white tad nef the character of the physolopeal processes 
Dy which the theory us carned out Not only are those 
proceiestheoretealysmprotable but Uhece areal other 
easons fot not beberang in then Expenments by 02 
of the older phynolagats, Béclard, are at hand, whch 
Show that the eect of light ofall eslous upon the etn 
{so sncreuse the amount of carbo acd given of, and 
Thence (a inrease the amount of esmmalntion winch tales 
place, Whether these experiments bave bow repeated 
by Inter avestsgutors or net 1 have not been able to fd 
‘out. But 1s certam thatthe forward motion of pgment- 
matter amoog the ead.merbers of the rods and coach 
funder the induence of ght “a motion which, wathout 
any doubt, takes plce for protective purpove>—beoomen 
(radually Roce marked for the sccm colours tora 
red to blue, that there 1» mo indication of a depertare, 
‘hat 18 to say, fom the steady anyunous fect of all 
Partions of the spectrum. Agu, strong light of every 
Colour paunfal; bot 19 at concervable that active 
reonperation of a Seattve substance should be equally 
Sisagrceable to us woth 1s raped echasstizn ? None of 
‘these facts would be ecocsrve, perhaps, stood alone, 
Dut they are of mch uriform matore (hat together they 
are not without weght. 

‘A excunstance which has wmpremed people favourably 
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swith the theory of Hering us the beet that furnishes 
a explanation of certasn very important phenoment— 
thoes of contrast aad of aeramages These phenomena 
the teary of Helabeltz ean account for only by the a8 
of the much-overworked ‘lunes of jadgmamt, which 
Hermg bas shown by = large saber of most ingenoes 
fexpenmenta t0 be {© thy iawtance quite saadaquate to 
dome what 32 dananded of them. Dut has Henne 
fplened the phenomena of coutrst, for mataace? 
We ust pusse for x moment ¢o consider ‘what 43 
explanation m. Tt2s frequently lotdely sd that & ontain 
‘theory fuera x9 expbination of x certxin phesemenon, 
eho what is meant carly that sis poasble to express 
the phenomenon in the terms of the theory. of, in ether 
‘words, that the phaotoenon sdests of being translated 
Into the language of the theory. But it ib a simple 
praciple, wizch needs only to be tated to be accepted, 
hat sf only ta case the process which, ia the theory, 
{Sls prea tuaguane of tin tir serge of 
. cousequence 
tie thety, non erbratonnefa tod by each the 
theory w at al coafemed. For exariple, the ballet that 
the phenomena of sunaitencous contrast have been 
sxplainad by the theory of Hering, and that Us furnishes 
2 rong cnarmation of ths theory, is whlly erroneous. 
Meng a show, weod, that coctrast snot eufisenty 
accounted foc ax an lance of the judgmect, and that & 
‘must correrpoad to ome pipicloal proce inthe visu 
smbatunce. Since now the procete that uaderie vaien, 
fm his theory, re esummlaton and cheirulstion, the 
Phywalopeal proce which produce the comtmatetact 
must necewaniy. an any stance, be disumistion ot 
amznlatjoa asthe case may be. So fa, this the amaple 
‘rentation of he pienomencs. We have now to ak 
ursches, what is tho degree of probity of ths procem 
taking place under the pven Groamatanoet 7 After & 
litle patch of reuna bas been anderpeing exizilation or 
lusimalation under the inflomsce of exloued ight, whet 
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senders it probable that rrrounding portions of the retina 
hoald immediately be axcted to the performance o! the 
‘axtagomshc proceat 7 Thereisu slight ciflerence between 
the two cases. When. green portion of the retma a unlar- 
ing rapid diumilstion, we bave a vegue leelng, 
Perhaps, Gat it may seem  bttle natura at in the 
urounding poctoss more thas the ssnal amount of 
‘bulding up should be goag on (end thins the vrtance of 
tus explanation which Heng sully advances). But 
wow ia 8 an the otber case” If given poroon af the 
retgaa 19 undergoung « raped sanmilaton, doce that see2n 
to be muficient reason why, all around t, a searing dow 
‘of tho vamal sobstunce should wnmadaately begsa to take 
place? The iraprobability of tbe process in thi ose 
far more than counterbalasces ats shght probability sn 
the otter, and hence we ought to say that the phenomena 
of contrast adut of beg tranalatel oto the language of 
‘the Hering theory, bt me that they do anythung whatever 
1 strengthen that theory, nor that thy lave bees, 10 
‘the proper seaae of the word, explained by it 

‘But in spite of the dilbcaltes of the theory of Heng, 
it would, perbaps, be mecenary to coatiaze to make use 
of ft us a temporary meus of bolding together a large 
‘and complicates body of facts, provaded it were pombe 
‘to form any other conception of u separate white-proces, 
‘ookstent with the fact Hhat when certaun pairs of cxlous~ 
‘ensttiens act together, all seasation of caloar vanusbes. 

1. Im the earliest stage of ats developroent, the vavoat 
sease coossted only wn the sensation of grey (if we agree 
to sachde in the ward grey the whole Black-grey-white 
seri of sensations). This sensation of grey was brought 
boat by the acbea upon the retinal nerve-nds of a 
cchemrcal mubstance set free by means of the dimociatien 
‘of acertasn land af molerale, which we stall call, for the 
sake of brevity, the greysmolecals. Tine molacale is 
compooed of an outer range of atoms, somewhat losdly 
attached to a firmer inper core or nucleus, and having 
‘various different periods of vibration. The dlmociation 
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of thie molecule connate ma the tearag off of the outer 
Portion, which then becomes the exter of the nacve- 
sends, tod the seumedute couse {when this exctation 
reaches the ealcanne fissure of the cortex] of the sensation 
cof grey Thus teanng off se brougist about by the ether 
‘brations of the entire visible part of the spectrum, but 
1 the greatest amount by the wibratous sommwhat near 
ats middie part, cacespondng to the fact that to the 
‘totally colowr-bhind (and to all eyes wien the slluzinahoa 
1s fant) the green as the hnghtest part of the spectrum , 
‘the number of molecules decomposed in a given tame by 
the different vibraton-penods 1 naturaly assumed to 
‘be proporheeal to the correspondmg ordinates in the 
curve which shows the bogbtnasrdistnbaben an the 
specteush ofthe totally colour- bind 

2 In the coure of the development of the colour. 
sense, some af the grey molecules become duferentiated 
nto colour-molectles, and in the followng way The 
‘atoms of the outer range segregate themselves into three 
decent group hanng three diGerent average Velocities 
‘Then the adaptation between the prevent structure of 
the reuna (as regards coloar) and the constitution of 
phytical het conmuatean the fact that the mean wibration- 
Perfods of the electrons of each groap are synchronous 
‘with certan vibratoa-penods of lght—namely, the 
\ibeatictpenods of the three fundaroantal colour-tones. 
ence when Light of a fundamental colourtone, say 
(grem, falls upon the retina, xt wil have the eflect of 
‘teunng off from a hinge number of molecules those atom- 
groupe whow periodicity 26 such an to render them 
[Peculialy exponed to sts shocks, and heace that special 
‘chemcal cubetance will be sat free wiuch 26 the exater 
of the sensation of green. 

3 When the wavelength of the hight which falls 
‘upon the retinas anywhere between the wavelengths of 
‘two fundamental colost-tones—bloe and green, for 
anétance—then a certain umber of molecules love ther 
‘blue constituents, and a cortam mumber of molecules 
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Jose thelr green consbtneats, and the resultmg sentatsou 
i that of a muxtare of Bise and green But thu effect 1s 
exactly the same as that which a produced when the 
retsna is acted upoo by e muxrare of pure Blue ight and 
‘rise green light , hence we are incapable of dtnguishing 
sn sensation between 4 amgle mmtermediete wavelength 
‘and 4 mixture im Proper amaunta of two fandamental 
waveleagths 

“4 There wall be certain mixtures of objective light, 
however, which will have the property of vettung fee 
all three kmds of nerveexnting subslasce in equal 
‘amounts, But these three substances are the chemical 
constituents of the exater of the grey semsation . bence 
‘when they are peesent im the nght amoant they recombine 
to form that substance, and the sentation prodioed 12 
‘exactly the came as that caused by the complete date 
‘on of te eray chai nema the semi of 

te) 

5 [These are the essental facts of colour vinon 
‘What v. Kies has, very bappaly, called the mbadary 
facts ase also periectiy well wterpreted by this theory:] 
In all of the Sve cases m which we are sncayable of 
recetvang any sensation But that of grey, tas the erey> 
‘matecule which, for one raasan or another, 1 alone 
decomposed. In the very eccentne part of the feta, the 
Giflerenbation of (he eoloermelecnle out of the eey- 
molecule has not taken place; these parts of the retina 
are chuely useful to us se waramg us of danger from :n- 
fcomung objects, and for thie the power to detect 
iflerences of brghiness in 2 white sensstian x eufiaent. 
In the case of the congentally totaly colour-blsnd, the 
etna 16 m an atavstie cumdiboa—here, also, Che grey 

A beat ante Bat Iiny Do Yorn Sor the saeumptions 
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‘Faas 2 cota ayy a (oo Wong Sach ed bene tot 
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smoleculas are the only ants which exist. Whim the portion 
of the retina affected is very small, orwhec the Tlamunatien, 
8 very weak, we may suppose that the caloar-molecales 
‘are not decomposed in Foficlent quantities for ther 
‘specific character to be detected. ‘When the ilumination 
Se-very sntense, xt may be that the coloar-malecules hie 
Decome exheusted sooner then the grey-molecules, or 
‘that a stroag exergy of rachation aflects all of the calour- 
constituents in equal degree without reference to thar 
penoducty. The important thrg is all hee case 
1B the capacity for independent eosionce of the subslence 
which gxcer tht sameaton of white, 

6 The explanations whoch I have just grven of the 
colourlesiness of very bright or very taunt sensations are 
‘merely translations into the language of the theory, 10d 
‘dd nothing to its strength. But the case u very diferent 
‘mth the explanation which thus theory 1 able to give of 
afteramages and of mmeltancoss contrast Wha rod 
Light, soy, hay fallen for some time upon the retina, a 
Jarge amber of molecules have lost ther red- 
congtuituents—they have become partly mablated 
smalecales, ut im this condition they are extremely 
unstable; they gradually go to prooce completely, anc 
the setting free of thes remaining constituents, the blue 
tnd the green producing parts of the molecules, cauges 
44 vensetion of bloegreen. The red sensation, therefore, 
tm canon of carafal Gxation, becomes paler and paler; 
i the objective Mlaminatien is weakened. it may ever be 
‘overpowered by the blue-green sensation’: and if the 
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even ne closed o directed upon a darker grey surface, 
‘the blue grees sensation alove re=nauns after few seconds, 
‘and continues until the mjured molecales have all become 
‘completely destroyed. Since, as ax wall known, the 
carcnlation 1a the retina 1 extreniely rapid, the Dalt- 
‘matted molecals are, rz large numbers, dragged across 
‘the bardar of the ongunal umage, and there ther complete 
eatruction causes the phenomensa of simoltancour 
‘contrast 

‘Those are the explanations which thus theory offers of 
what may be called the entcal pests of colour-nsios, 
Te abo faruhes an explanation of the following 
‘Phenomena, winch have not hitherto been explained 

‘A Tue retina cantains elements of two sorts, which 
prevent a very different eppearance—the rods and the 
‘ones Ithasnot ithertobeen pombe toxrtnbute duferent 
‘functions to these elements, the diffculty of dong thus 
‘comes from the fact that ibe canes must be suficvent 
for vison, sence they alone occur in the spot where vist0n 
asthe most acute, whul the rods amet play some important 
ble, because they resemble the cones very much in 
fracture, and an the penpbery the cones are almost 
wholly wanting. But if we astaame that the cones conan 
soloarmolecclen, and hence give ut vensanons both af 
colour and of grey, but that the rods contmn only the 
‘undaveloped white-molecules, and heace give White 
sensations only, the distributuon of rods and conoe in the 
atm becomes perfectly comprehensible. Vary ssteresting 
‘xpenments of Eugen Fick? pecmut os to lay down the 
following relation between retmal structure and light: 
‘ensation for jast perceptible excrttions: 
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‘A better case of the apphoation of Mib's concomitant 
vanations it would be dicaMt to find The retina of 8 
(orally colour-bind person has never yet been examined. 
{fat should turn out that st contauned rods only and m6 
cones, that woald be a vary prety confisttion of ths 
fappoedion ; bat f 20k, coe might stil muppose that the 
som nts cate coatcid only rey mcr. and tat 
stan canssted ithe ec dewedopment of tole 
and wot of retinal eemania 1k remain to be aecttonnd 
that (ths ditmbation af forctans of retial earoents 
is correct one, then the atrectore of the eye offers 1m 
fas reapect a perfect analogy with that of the organ of 
Iheaning; an the eat abio we have apparently s very 
temple apparatus for coaveyang sensations of cine oly, 
pemuting by the mde of mere highly developed 
Apparatus adapted to the ducrmmunaton of dierent 
‘beation-penods of the electing recrum. 

'B. That green 1 lew saturated than the other two 
fundamental ealown 1 agus 3 necemory cxzmaence ot 
‘te fct that sn ths pact ofthe spectrum the amount of 
rey process reaches itt mAKIMET. as 15 proved by the 
Irghtaesrcurve of the ealourbhnd and that ofthe nora 
eye when the lumenstio is rey fast. 

'C. But there is abo an explanation of a third 
phmorenon—af the fact, naaely. thatthe senutirances 
‘f the eye to change of exioar per change of wave-kgth 
is sch greater an the yellow asd the blue-grem thas mz 
ny other part of the spoctram: it ia at these points 
‘hat the thre dutnbution curves mtesect, 
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‘To resume the prinepa? pounts of difference between 
the theory af hght-sensation here propoted and the now 
commonly accepted theanes are the followang’ Whale 
‘the Young-Helmholts theory supposes that the judement 
yicks oat all the even red-greeo-blar sewahow, and 
deceives itself unto thunkung them to be @ new sensation, 
‘whute, this theory asmomes an endapendent seonai procets 
as grocnd for the sensation of whute—a process whch, 
sm early stages of development, ensted by toef, bat which, 
of much 2 nature that the three colour processes, when 
they do arise, flow together, and by a simple chemical 
reaction repcoduce the process whch corresponds to 
‘white, Aftermages and mmoltansous contrast, matead 
of being an affauc of the yadgment, are due to the gradual 
complete destruction of molecules whose capaaty to 
‘out for a time m a partelly decorpoted state bus made 
it ponuble for ue to dustingusd between the diflerent 
parts ofthe visible spectrom } The theory differ from that 
‘of Hering, 1a. that st ausames processes which are 
physolopeally concevable, and allows as to concave 
fof brightness at the amount, per unt of time, of the 
physiologie process--colour-process and whutr-process 
Yeung combined im our extanation of the total amount 
Marcover, st assames that two camplementary colour 
Processes unite to prodace a certain amount of white- 
‘process, ¢nd net that they destroy each other, and merely 
Jeave betund a white-process whuch, although at 38 
‘mpoonibe to detect it, was present all the tune. 

‘Thus last assaropton of Herng's woald seer, sndoed, 
to be duatinctiy contradicted by the following fact, which 
as 00 If two different greys are composed upon the 
colourowhed), one of bize and yellow, and one of red and 
‘geen, and if they are then made of exactly equal lmght- 
nese by adding Black to that ene of them which happens 
to be bnghter, the two greys ought to be under alll 
earcumetances indutinguishable, of xt be tme that the 

2 [Me ateraauve enemas by Fetch af cmtcat now to be 
prctered Zach of Peal, pO) 
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All fheones of light-sensation (with slight exceptoa) 
‘wuppese the disccation of chemical molecales. My 
‘theory shares with that of Donders the characteristic 
‘iat st makes use of the conception of a posable fara 
Aimocation of maclecales. It was while I was engaged, 
a year ago, m writing an artucle fo show that the theary 
of Donders was ncomparably more efficent 1 fornistung 
4 reenable connecting Kuk between external fact and 
internal sensation than ether that of Helmholts or of 
Hering, that st suddenly occurred to me that the required 
tusk could be eccomphshed im a yet bettor wey, As the 
theory of Donders has met with no attention, and as 
hope that may owa wall chance upon a better fate, T do 
‘not stop here to pount out the diferences between them , 
‘Tam content, 1m the fist instance, f ether shotld awaken 
interest, Ihave, however, pointed out (see pp 70-8) & 
fundamental difficulty 1m bus theory (Proceedings of the 
Congress of Expenmentst Paycheicgy, London, 1892, 
1p. 107), The theory, moreover, necesaanly a four-colour 
theory, and he was himoelf so strongly convined of the 
rnecesaty of a threecalour theory foe the explanatin of 
tome of the fasts of colourvnon (although the 
‘expenments of Kotwg above referred to bed not at that 
‘tube been made} that he supplemented tus Sour-procesa 
‘theory n the retxa by a three-proces theory inthe higher 
centrts—fust the oppomte of the order which shoald be 
talkea. The awkwardsess of this suppostion doubties did 
smych to prevent hus theory feam aroasing atteation The 
explanation of selective dssonetion by light as « result 
of synchronism ia vabretan-penods ss not posuble to 
Is theory. To Donders, however, ss due the credit of 
having frst rssted upoa st that ‘the calour-sense 15 a 
later addition to an earlier existing light-sense. 


w 
NORMAL NIGHT-BLINDNESS OF THE FOVEA 
Durmoor of tax Koste Tatoay or Covoux? 


THEN the fact that the rts contain x oubetance 
‘which sa chemweally acted pom by ght was 
first amounoed, wt seemed that the secret of the trans 
fermatioe of ‘nergy of mdution roto something 
‘capable of bemg tranazuttn? along the nerve Gbres and 
‘flecting the conscious organisa as the tensuhiow of ght 
Ihad been defitely, nt east mts rough sages, uravelled, 
Bot mamedistely dificulues appeared the substance 
could Dot be detected ta the cones, and s was therlore 
apparently wantiog an tbe faves, the mpet of most acute 
‘sea; and, maneuver, certain classes of azumaly hed 
etme which contayned ene of the substance Tt was 
‘hevefore cartam that tbe vassal purple was ot eaenti 
to viten, and the intense caterest which x had at fat 
anced fell wholy into abeyance 
Prolesior Ebbinghaus bas reoeatly returned to the 
subst aad has proposed to account for the apparent 
calourlescets of the onnes by aamumng 98 them second 
atbatance of wach a colour at always to mask the presence 
‘of the soa! purple. The vasual purple (or visa lve, a 
it most be consadered foc thas purpote, althoagh ste real 
‘colour is only a very shghtly blush 26d) nd sts ood, 
‘the cual yell, ae the soerce of te sensations of yaow 
‘and blue cexpectvely:; the smagweary substance a, 12 
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fea tmo stages, the soures ofthe sensations rad and gree, 
ands for that purpose frst green end then red a colour. 
Now a green and a purple substance, when present 
together, might, 18 troe, produce a exloureas uxtre, 
since porple and grean sre complementary colaars, 
Tent moment later these two eobstanom ave become 
seapecovely Yellow and red.” What becomes of the cone 
plementanaess then ?—or whea oe at green and the 
‘ther yelow *—or when one 1 red and the other parple™ 
Or roast we suppose that, although thousands of eyes 
Ihave been examsed, fiat and lat, after every pownble 
degree of exposure to Lt, and to colour, stl chance hea 
Drought 1¢ about that 20 stage of tus sees of procemen 
Jnas ever been lighted opon except the frat» So abort: 
tngted a Dheory us Unseen im which we must $0 care 
fully refran from aang beyond the fint step of the 
limagned process—has probably never before bees 
verounly proposed for acceptance. 

Tat the suggestion of Profesor Ebbrogbans has had 
ths good efit, that rt has induced Profesor Kong 
to undertake an accurate determination of the relative 
borplion of the visual pample for diferent lands of 
hhamogeanoas git.” He proposed the question as 
subject of avestiton to Dr Abelséor and 
FH. Kottgen. A spectro-photometer especally denned 
for the purpove was constructed, aad c was hoped that 
‘He all and expenesce gained 1: the study of the san) 
purple ofthe frog they meght, m conte of time, be able 
to epply to a boman reli, sf good Jock sould throw 
tzu an there way Bot, as 1 happened, the apparatus 
‘was no sooner set wp in one of the dari roome of the 
laboratory than they received word tbat a human retna 
wun ta be at thar disposal; and Dr. Abelsdorf bang 
fruldealy cilled awa, the stady of at was cared out by 


1 Ueber Grn mensenchen Setpuryer ead ene Beceting fot 
(as Satan bach gemmscia ick sete ng igen sunquees 
Nera "Senger d Abad d Weck me ete A Jem, 
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Trefenoe Kom and Fe. Katige. The pest whom 
the wpe Belonged remained so tbyolete darkacne fer 
teraty howe before the operation. The pe was exacted 
‘by the light of  sodum Same, put at ence snto 
fn sntouy Diack "bon, and rapely ‘convey to 
ProlmaorKieng’s lboraiocy Hare tt wan epeatd, 
ieemy mate afte leva the bving body, wich all 
‘hn neeamary procatins, by eo oct eho daily 
imade hnael lamilar, by mans the ophtialnowop, 
‘rth the era pontion of te maorereomen whch ad 
‘rose the aye vo be extracted. Tree Petia, wilh 
the excepuon of the dissed portion, was Put i200 4 
folaton of pie and, aad after Son 2 aulboest 
Amount ofthe entract wes otazed toil tcc the abate 
Shsorpuoobor of the spectephotemeter. Wath te 
fie Ang the absorption of the woual purple was 
btaned td compared wth the abopin of the doot 
otitely ln) ehstion whack rrsine iter the Purple 
(omen) color bad bem whcly Ulnched oat the 
Second Ming sniced for a redetermination of the 
Ahserpton ofthe val pore, aad for tat ofthe val 
yellow, which was obtained after the porple lad bea 
Bleached for tat ealout. (The to. determinabons of 
the abwcrpton of the parpie eobstance are mm cove 
groenmt ath mach other) 

wer et cnceradet atthe sbaorpton dutibation 
sm thespectrn ofthe pple mbetanon cio oghiy 
with the spectral dutnbation of brightness for the 
Ecnpeitaly totaly coloured, and ako with the 
spentral dstrbuticn ot tnghtons for the osrmal eye 
(ex well x for the pacsallyelourbind) st a vy tnt 
Ages of laminawty. ‘The soggmtton wes sare ooe 
{Et n the non ofthe tally caer, and of the 
‘normal eye un & fame bght, which is dependent upon the 
‘tveption of ght by tbe vu parle. The carves of 
fenswtion in thee te cae wee deca to spectrom 
of equal doentaten cf cooay by tomas of 
Profesor Langs Sterna of the Gutsibetios of 
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cocrgy throoghoct the spectrum. Correction was also 
‘tude for the absorption of the maccla lutea and for that 
‘of the crystalline lens (tres determined for an mndvvidual 
tf the proper age). Tt then became evident that the 
comedence betwecs the thre: curves is remarkably 
‘dese. (That the two curves of senumtson referred to ate 
done egreement with each other Bad, of cours, already 
‘been shown by Henng) It wasersdect, that is, tbat the 
abworpton im the purple substance x8 very exactly 
‘Proportaonal to the value of ght as an excter of sensation 
2) 2 the totaly caloor-bind, and (3) va all eyen at an 
mtentity so fest that cclours are no looger visible, 
‘But the duficcley still remained winch had originally 
‘caused the vial purple to fallinto neglect —the substance 
in apparentiy wanting in the canes, and therefore an the 
fovea To mect tht dliculty two assamphons were 
osnble: either, that the cones Ge contaun the purple 
subetazce, but an to decanpotable a fore that t can never 
‘be detected objectively, no matter wixt the preceution 
‘used m extracting the eye; or, that the eye i actually 
‘Dung un the fovea inthe two cases question in favour 
of the first asmumption was the fact that, xf the yellow 
smbstance if really the source of the sentation of blue, 
then xt mast be sapposed to ext ro Jes decompoanble 
state an the penphery of the eye to account foc the fact 
hat we are there nearly bind to bive!; st therefore 
hes near” to estume {when same ascumphon is 
abolately necesmry) tat it casts ix a much more decom 
poouble sate ia the foves, aad that st has for this eavon 
Intherto eaxped detectien. ut T was moat azmous to 
ut the second of these assumptions to the teste mare 
os I kad already made the prediction thatthe causa of 
1 Cada incomes ot tm pape Kin sn Tah, abot 20 
be maaicnt spinn @ 40) Sa Poteet Soa te Cae 
‘Sasi a in orn ce! pn Mi by bw hype ec So 
ncn fhe voual puposadet ho om pole Teas ean nt 
foe, Pesce Rang tad aden tao ano ors poet 
Sealine bo poh, ead nas cay bose Hx dn Oat 
Ycorset ho mghrbusianm of ie me 
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tel colour bineiness usa defective development of the 
cones and alao that the fmction ofthe vsuel Parple 
{eto render ponnble tht form of vizea whch does not 
‘ct unt after a deny of twenty nutes or so ma dark 
rem’; both predciows beng tural sagged by 
iy theory of kghternaation, Thad alo poutted ost, 
tm the Intementioned paper. that the vial purple 
‘nnot exat m the cones, even sn bleached out sate, 
ome the vnual purple tw foorecent, and the mote 
4 the more sts leached out, wide the fovea Terns 
Sh dick spot in the sltresolet rape of the spectra 
fand the more stripagiy dark the more the rods i the 
‘aghbourtod have bmeome duarescemt (be et, P 20) 
‘On the ather hand, Profesor Kong parted out to me 
that even f vac thould be wholly wrnting he fovea 
ofa totaly colourdiind iodndual it would hardly 
‘be powuble’to detect st, for he wosid unquesuons®iy 
Ihave acqsired the han by avoding che ae of thi 
spot Tas suggestion was, therefore, aot smmedaely 
‘earned out "Batt was aranged that I about tk for 
the subject of my mvestigaton for the summer a fe- 
dletermiratin of the Ureshoi of scaation fr fleet 
parts of the cetina aod for difeest kms of mano. 
chromatic light. A plan of work was built up 1 two of 
the dark coors of the Inboatery, an {have to expres 
ry grabtude to Profeuor Kony for hie untng patience 
1m umming me to ovecane tha diicaien wich one 
Aer another pesented theancies? The preimunary 
bservation for ekminating te eens o ror contre 
ome tute, and I then rata a fet dtermumaton of the 
‘anata in the tent of ight secesiry mn order tbe 
Just perceptible, or of ta mvecnon—the senstivencse 
‘Of the eye to fant impeesnone at diferent stances 
fiom the foves. even drew the cores, end found them 





2 Eelach f Pape w Phys dr Somanergan, Bd ve, 8p 72 
3 “Frotmor Botaeiaas huey of Caner Vaan” Sad, NE, 
7 Fie na rs of th sevens wil be pbb! ee 
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to present & mactmom at a distance of about 23", at 
‘which point the senitivanes ofthe eye is about fou ten 
1s pret aa at the foves, whe at a cstence of 3o° the 
ASeamtivenea 8 wal abost twice a9 great as at the fovea, 
EB. Fick found the maxamum to beat about 75", but that 
‘wan without malung correcbon fer the dimunished area 
Of he pupal of the eye when ight eaters st very much 
from the side. The shape of the curves i¢ not noticeably 
hiferent for diferent parts of the epectracs, These 
turven are « reprosmntion of the dunsnsshed pensitivenan 
1h the region of the foves, whuch hus long been known, 
tnd which haa bom espenally (areed upos the attentian 
of astronomers when ioolang for faot stars wath the 
auked eye. I had bora an the ead for veverd weeks 
ft work In my étrk room for the express purpose of 
finding att tha foves in Mind to impremusns $0 fast a 
‘thote with which I wat eocepied, before 1 found it 
although, after at has aoce been seen, rt gems incre 
that stan aver have been overlooked. finally dawned 
spon menot that the bngat pout dirmcty looked 
28 was manile—but that by gnog what T can only 
Amante ana catan carions twit 10 the eye, x oartam, 
gt pot could be canted o dmppene 

Yrasan that the “neemal ug-bindnam of the 
ier” cpcis meets co kcrageioemee 
may beat be called, has beeu completely overooked by 
all otber observers, and also by E. Fick and by Kirech- 
‘aaa, who have made © gpecal ssvestgaton af the 
‘threshold of sensation for Gferent parts of the retina, 
1s very pam; the unconscons ago, wise takes 9 large 
put im regulating the achon of even the voluatary 
muscles, 1s well aware of this biudnem, aud takou pain 
‘hat am image of a small object shall cimost never fall 











2 la mt of the eye arse anh so ge th a 
‘stn dey nr tees ne post Tao weak mes ota at a 
‘owings eft enromee cf Cas Rind pe, wae abet wl ba 
(Ge Tort ef eceeaanen, a yo not aiogeier wre Sn mE 
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‘upom this spot. In = faint light, fo look af, which is 
upually = phrase of twofold menifcance, meaning, 
‘rama, to tor the eye ja such © way that its power 
of secing is a mami, and alto to tam the eye 40 
thet the image of the object Joabed st falls on the foven, 
Iban now the two alaneats of its mguifeane dijcued 
‘when vision is at 4 maximum (or when it 1s povsible at all), 
1s necomary that te image should fall « tle to one 
Bde ofthe fovea, and that the motion wth which the 
aibjective feeling of Sxation ip amocated. Not only 
44a the fant object which I was engaged in cbeecrng 
‘isappens, Dot also the two (emuch brighte) spots of 
‘phowphoreacent paste (which are used in arder to secure 
1 huationpoint halfway between the) could be made 
to completely vari by" Joking at” ther, 1m Uke ew 
‘mense of that phrase = ‘Thus phosphorescent matter gives 
rm wiueh is alone wholly bat 
mg convmead mysel of the costae ofthe fant 
lught foveal blindness, It was necessary to devise a method 
by which the total tiadnees of the fores of the totaly 
<olowrblind patent, who was soem to recur to Proessot 
‘Konug’s labaratory, could be demonstrated, It was not 
pertted to tubyect us eyes to Any otra, and st was 
‘Bet probable that a rather feeble boy of thirteen could 
caouy learn to execute a totum which tad bitherto 
Veen sbeclutely avended, not only by bum but by all 
the rat of the world, and whieh, Dees, here was no 
posaibibty of desenting to hie, Bot’ st naturally 
Foggerted tet to me very soon that at would enly be 
eceswry to give ham 3 group of closely contyvous 
‘solated bnght points to look at, and that ace would 
fee to that our or the other of the sonld now and 
then fall ito the dark Bole of Bia fovea. The same 
device ban proved eflective for exbitting the oroal 
‘hintoght bisndoem to a person who bas oct yet Jaraed 
‘ta execute the matin of the eye necemary to caUse a 
Single mot to deeppear. Profane King st once mae 
‘be of this method t> show that even the most nzense 
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Dive that conld be thrown into the Geld of hin spectro- 
photometer, by the light of the axyhydmgen blow-pipe, 
is inmficient 10 cause eay sensation whatever ia the 
fovea. No dificulty was experienced sn demonstrating, 
Stu Mada fn wi eo ad bey 

spot, although St was quite umposmble to get lum 10 
experience the invubulty of 2 single bnght point whes. 
only ane was the Geld. Tala vadividual ad x definite 
spot at one side of the fovea, which he constantly made 
‘wwe of asa fixahonspot ; the xystagmus, which i & 
common accompanmumt of total colourbimaness, 1s 
readily explained ¢2 the expromon of there being 0 
much favoured subetitston fovea ‘The remarkable 
amiouion of vanual acutty on the part of such patients, 
‘which tas mot hntherto been understood, seen. 10 
be very matural when it known that ther Joven 1s not 
1m.a condition {o perform ste fanctoa. 

‘To the iactu ubeady dexxibed, Profamor Koay adds 
‘contribution recently made by himself and Dr Zomlt,* 
‘by which they would seem to have shown that light of 
different colours xs perocived am different tayern of the 
retina, and Bae distinctly in frant of green, yellow, and 
red. ‘The method consis im throwing two shadows 
cof « blood-vestel upon the back of the retns, by means of 
‘wo boles in e card, which » constantly moved to and 
{fro n the front loca) plane of the eye. The distance spart 
cf the two alndows thay veere able to moature, and they 
found; tobe different for differently colored hotoytaeous 
light; and the calculated distance of the blood-vetsel from 
Mie layer of retina whuch ws affected by the light, they found 
to be, for several portons of the spectrum examised — 
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Profamor Keémg interprets ths to mean that the space 
Detween the layer in whlch blue ss perceived, and that m 
‘whlch red peroaved, is gaaio than the thickneme of the 
od members of the reda tnd canes, and lence that ona 
sume jf that the pigment eptielm also is a layer 
senative to light. If would seem, however, hat there 
1st be something about these experunents the moun, 
of which a aot yet wholly cleared wp, for the length of 
‘he outer member of « rod ie exly “ons #003 mm, and 
that ofan epthelsom cell saly about Bal 8 mach aguin 
“They do not, therefore, togedhe: form & layer of eufhcient 
thicknem ta take in the dferenoe of 08 c., which the 
‘observations require. The expensaeat, tberelore, proves 
too. mach, Profesor Koaig’s interpretation 
‘of the facts here ecimezate aa meaning that the visual 
yellow is the source of the easation of Bion; that gros, 
‘allow and red areal percasvode the pagment-opthebam, 
‘and that the comer are merely lenses for concentrating 
ight upon the eprtbebum ce, makes no provnon 
for the necveemdection of aay cliect of ligt 10 the 
spithelsm. Ta the fovea there woud be abeoiataly no 
‘means of wch coodachon exoapt by way ofthe coors, ad 
{t's difbcult to conceive that organs whieh are per- 
forming the pert of lenees show also be able to fonction 
fs conductors ‘Agua, the recent brilltnt work of 
Razin y Cayal and others on the mzute anatomy of the 
retina daclones rack close smarty (together with 
perfectly Sefsite difereace) between the rods and the 
ones, a3 rogers structure ad eonnercons, a5 to make 
1 vay nnataral to esign to them functeas of widely 
‘Qiterent ature. Protessor Konig says (P. 4) that the 
‘emus here cpmmumented “ere ix contradiction (2) 





2 Proimor Gud object tat cy th wt matic of tn pmoni- 
‘ote wou be svat Decne ight aot pa frag wre 6 
‘Tey tn aye ft enone eck vs Coe tt dak cer Eat 
a pperenty faye thn er mx ertnary dope ofobememana oe 
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mth the theories of Hecing and Ebbinghaus, socording 
to which a single substance forms the baste of the red 
tng green sensations on the one hand, and of the blue 
tnd yellow sensations on the other hatd ; and {2} with 
the thearies of Donders, Wandt and Franiisn, accarding 
‘to whoch all colours are perearred in a angle substance”. 
‘Teas true that all these theones would be rather hard bit 
oy these resulta, f the results themaslves were not involved 
1 some ebscunty. As it at, bowever, xt may perhaps 
be safe to watt anti! the discrepancies pointed out have 
been cleared up. 

‘There oa yet gee more recent ccotnbabon from Kong's 
luboratry which has at smporant Deanng «pe the new fasts 
seveady wensoeed  Beodben, wad more Yeewoty Team, avn 
‘Sows thatthe Pushaye pewosence coanata aaa change 18 the 
Dive commtuect of white bgt —ehe ved and greco remunag 
‘vecbungad, tha would vm to sudvate ta the soca 
Amount of colouring tasters the rods, asthe sateonty of bebe 
‘eqras to drarun,fermaber« meee ior a sacred amount of 
seorption aad would wees to post. o east be eof, ta 
‘he rod a the wat, a Jean part of the woeaten of bee 

Farther daments of the theory of light-cenaatson ow 
advocated by Professor Konig aze these — 

The visoal purpie 1 the photo-chemeal sabstance 
‘hose decompoution causes the faint ght scsatioa, That 
sensation 1 in reality blue, aldhcugh we are not any 
‘aware oft 
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3 The winte and the dull whites of am ordinary 
allamunation are of = very dllerent orig: from (a) the 
sensation of grey m 2 faint hght, 6} the seusmtian of the 
‘totally colour-bind, (6) the sensation of the normal eye 
an the penphery: they are (ax uz the original Young- 
‘Helmholtz theary) © syothess 1m judgment ” of the 
‘sensations red, green, and blae 

‘As regards Professor Kong's mtarpretation of the 
new facts, the followng cbservahont remun to be 
made — 

(@) There 8 no oceanon for assuming that the vimual 
purple, by sts decomposition, the source of the eeneation, 
‘All that 6 forced upon uss that absorption by the vinual 
[purple acts as 2 means of zemforcement at a time when, 
light would be too feeble to perfarm its function without 
‘the presence of 4 special agent for absorbmng it, 2 
semsitier,* That the vigal purple and the visual yellow 
shoul’, by ther decompouton, furssh the same 
‘seumtjon (blae) 13 very bard to believe, in view of the 
fact that the vitaal yellow is, beyond all question, iteelf 
‘one of the decomponition products of the visual purple, 
fand that thesr decomposton products cnn therefore 
‘ot poaubly be the same. 

(H} Thare 1 20 doubt whatever that the eye has a 
perfectly unimpaired chromatic vinon for the whole 
Ingth of the spectrum when the light 1 0 strong that 
‘the rod-yallow has been completely bleached out. That 
‘a, therefore, not be the photo-chemcal substance for 
Dine The ey of the totally colour-blind anderga 
adaptahon.* ‘The rod-purple im their eyes, therefore 

My prent explant ofthe fat Hue geaty af ce an 
tach aS) yo eer ht ts anne stated 
‘ite "vac sadam of te eed aarve bom” Compl rrda 
Many 

Sfmt tetre harg Di 2 Sept I mae a ourany 2 the 
lat where fhe sou bt bey Sore eclcrd te ab padi oe 
Fenton oer to decracae tha Pout Bang meres fat 
‘aw coud toe bras a ty Foes than tone avin Bora! o7, 
ea ay wt he ven peered ek (Uae 
‘retang ena til Farenseatens” AE- ard RL 80,8 10) 
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suflers changea mits quantity exactly as we shoald expect 
af to da from what we now of the substance elsewhere. 
‘There, therefore, every season t0 Televe that st 1, 
like ‘all 'rod-purple which we have aver exumped 
sbjectively, completely bieached out in a tht light, 
‘and benea that 2t 1 not the sensation prodocing sub- 
stance, but merely a means of resfarvement for 


waning. ght. 

(9 The fact that the adeptatos-watenoe » pose 
an colour serves «sel purpose. The most coms fst 
lught of nature asthe fan light of dense foresa, whic 
gem, Therod pmest is Cherefore eppecally adapted to 
{he ebsorpton of the aaly hght which penotates that, 
low completely the gt atthe bottom of forest trot hag 
Deen ated of the ight whuch thar leaves eta Jag 
been shows quite recmtly by 0 savestgaton sto 
the growth (or rather non grow!s) of neatly all ground 
phn after the foliage han fully come out in the late 


spring. 
(6) Almost the only fonction of the extreme penybary 
cf the eye i the deacon of mation —that is, the detect 
‘of changes the distnbution of light and shade, The 
changes m the rod-pement bang about «constant 
complete adaptation to the exiting pattern of light and 
ashade—buld yp « counter-patters, wo to speak, upon the 
srarface of the rot0s—end only & new dustabaton of ight 
(8 the entrance of en eneray upon the Geld) cates any 
secaation, This fonction ofthe perpuery mfecitated by 
the fact, made aot ky Ramon y Ceynl, that there are 
numerous large herzonte) coanecting oclle which rust 
play the part of remforcing = sensatsom by spreading 1t 
ver a wade ares, at the sare time that they dius 
the sherpoes of its locuaation ; the indistmctness of 
‘aoa in the penpbery has Joog been Iowa to be much 
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pater Chan the nisin ofthe image forme thee 
sould account or? 

(Th ernest sca ah She fay of 
ewrollad igh econ tbe dl ot tain ty 
‘eel Halt Tt ty tthe err propre tt wa 
hobtn thresh led Ng cd» Kr oak the ited 
mtd of the ca of lah’ Pips Ops th ba of 
hom thr iow, [the ec etn trop ont whe Hoth, 
ato ng ihe enc Kg bd ul play—an fan, ar 
ef hen wr ete alah uo Lae De prov be per 
eu, Sey pens foto gah tte fd ay 
conn} moet ee) ppntad ws Bsn No Xs th robe) 
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DOUBLE STRUCTURE AND DOUBLE FUNCTION 
OF THE RETINA: THE RODS AND THE 
CONES* 

WV BAT 1 tave eoponed to cll he normal night. 
Ddindneas of the foren {Pryck, Ren, 2695), 10 
paralleiam with what bar loog been imown a3 the 
(abnormal) night-bindness whch is a symptom of 
Retmids figmonicen,» &sease ofthe pigzent mpl, 
‘ne of whose effects 1 to prevent the formation of the 
rod pigment and consequently ot that snrrogate vision 
which the normal eye acqusre sn a fuint sllamsation, 
That not been adzatted by all obververs to be an actual 
phenomena, Techermak and Sherman, 20 particule, 
‘ave dened its tratence, winle that has been aa vigurously 
sired by v. Kies and his asustacts. A fresh sens of 
expenmects bas cow been devoted to the question by 
‘. Knesand Nagel? (he attra dichromate), They point 
‘wut un the fist place that the rete] ree tested by other 
observers was altogether too large ; even thon st did 
‘uot exceed the aze of the rdlan rapon, it was certaily 
fally equal to it, and there is no pomibilty of moourng 
uch abvolute fation as would be necessry to confine 
1 retinal image for auy appreciable tame upon a given 
exact portion of the reuna (even rit wes not for the fact 
‘hat foal fixation ma faint ight is anyhow an exceedmgly 
bficult matter on account of the fact that we have for 
practleal reasoas carefully Faraed to avord i). They 
Aso desired to meet the cbjecton of Tachermak to their 
former work {Ztsch. j- Prychel,, xii, 1}—that they had 


onto an. Thre 
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ot secured « suftciently lng adaptation, and moreower 
to determine saove carefully thea they had done before 
the exact extent of the non-adaptable repon, 

“ihe Gaciromte, sao epee toe deaterenope 
( qreen-blnd"), have great sopenonty over the non 
deecitve indrvidaal as expenmaenters in subjects of ths 
ature, A dificrnce m bghtnes ia hard to ditingwe 
‘ath accuracy when it m overland with diffcreace of colosr 
Ao, Bot for the dichromate, who soc the entre warm 
end of the spectrum 2 yellow, xt w easy to make an 
‘equation between red rays and grem cays (to give then 
‘thar normal names) such that the ‘wo Gelde compared 
are absalately mautagushable, The resforced vision of 
‘light, winch ests bardly at al for the extreme ends 
cof the spectrom, will then exit self im an exeeanve 
Dngbtenung of the "green field (Ure diGerence may 
amount to a hundrediold), and its fare an the fovea 
‘ll be evidenced by the fact tbat for that area the fekds 
Ferman abke Instead of exhbstwg the two fields mde 
by side, the authors found st much better to use the 
ow famhar “ spot ” method—ooe Bld is sen thongh 
‘8 wall bole 1s the other, and complete likeness of the 
‘two 1» recogmzed by the disappearance of the hole 
(Acauty of vsioa 340 great in the ceutre that the boundary 
Jane does nat become abpciutely mvuible throughout 19 
‘whole extent as st does am the paaphery, but there 1, 
nevertheless, perfect certainty af to the equalty of the 
fields) The Sze of the hole was mn the frat instance 
sometimes {° and sometimes #*. ‘Tred by this method, 
and with all zmagmable subsdiary precautions, tt was 
found that m the exact centre of the retina the Purianje 
henomenon does not coeur: whea the adapted eye ib 
first opened, the spot (which es Sst been made equally 
‘eght wath the surroundmg “ red” fold for the daylight 
‘yooon ofthe observer) ix seen to shine out with a0 sntenae 
‘brghtnes, but ar soon as the (minute, black) fxation- 
point inst centre ss secured the difleeace between spot 
An feld abpolutly vanishes. There was alo no falling 
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off m the saturation of the “ green” spot when viewed 
cxatrally, 28 there would have beez af the achromabe 
‘tought vision had overlaid ft. 

Experiments wore abo made by v. Knes himself 
(that is, with nocaal visoa) by means af companng (wo 
colouriess mixtures of dffzeat nghteay compostion— 
‘that muxtare whsch contains gromt shines out brlluntly 
sm comparison with the other after adaptation (what T 
Ihave called“ the extended Purkinje phesomenon”), and 
here also the phenomenon was found to be whelly wanting 
sm thecentre The sume remult was obtauned, aguan, when 
fin equation was established, for v. Kraes, between the 
spectral ights red and grees on the one hand, and yellow 
on the other. Ts one and all of these wetbods xt wl be 
‘noticed, the (wo things to be compared ditlered mot at all 
am quality, and there was nothing therefore to confuse 
he yudgment of equal intenatty they are much to be 
preferred to that of the ample eximaton of the relative 
boghtnes of two adjacent Ietecochrome fills, a8 ced 
and blae Blue, tt showd be reweriked m1 pasang, 15 
‘not the colour to be choses x2 maleng eee comparison 
oth red. The “"Purkanje phenomeann ” usually 
stated to const in the intenssication of bine ov. fant 
light (all mention beang omtted of the fact that the blue 
‘becomes lem satorsted at the moze time, and that the 
‘ual phenomtson 36 & whine of the bine), bt this a 
surely only an intermedaate stage, corresponding to that 
1m whack the rods are fled with the vusual yall, an. 
absorbent for the Dive portion of the spectrim After 
AAdaptabon 1» complete, t 1 green that bes become the 
‘ost intenaiied, not blue. The frst stage may be called 
dy its hustancal mame, the Parkmje phenameoo ; 
‘the final stage may better be known (for the sake of 
istunchoa) a3 the extended Pwrkinjs Shencmenon, The 
‘grudua? change from one stage to the otber  exisbnted 
2m a dhageam mn Tonn’s paper (Zick. . Payche. , Phys. 
4. Summesorgane, via, 280}, ad the fact that the cause 
of the change i probably to be found in a mxture of 
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tro sbworking media gradually changing in relative 
sunount (the Schroth and the Seige) is indicated, for the 
aathemeticam, i the fact thet the severd) curves have 
2 nearly comzzon point of mimsectin. The visual 
yellow is & lem marded stage m the regenematon of the 
‘Yisnal parple than in ts egeseraton, when tbe gobstinors 
‘ze studied objectively; 2 would be interesting to kaow 
sf there in any liference between the subjectrve brdlancy 
of Blas, ascocding aa 1 w omen an a condition of semi- 
adaptation following upon the daylght coodltion oF 
‘p00 the night condition of the eye. This simple expen 
rent bas not, I believe, been tned. That antermechate 
sate af vanco mught well be called twiight-vn00, 
fad to the state of complete adaptaton the natoc sight- 
Ine forthe ovr te mil ate fey” 

isthe proveeb, an al ate are rey" 
‘Dyseuaton w so volamunous yurt now regard to all theae 
‘wow ideas that it 19 of extrema iaportance that a good 
and suficlent phraseology should be adopted as one goes 


‘rico and Nagel elo made caresl expermmentn to 
determine the mxact sie of the adeptationiens area by 
-varyang the apparent aze ofthe spot by moving it forwards 
sand backwards; it was readily foand that the apparent 
suze at which st just fale to wndergo a brightening on, 
its onter border «, for the two eves of « single ind:vidual 
which warn tested, 140" or 18° horwontally, and 1°35, 
vertically ; they alco found that at a alghtly greater 
cdstancs fram the centre there was a sodden sharp acces 
of brightening. Thay mggect that this latter distance 
is that at which the arrangement of one cane in a complete 
crcl of rods begin, und that « few scattered rods may 
occur up to the region of no adaptation, in spite of the 
fact that Mogter goves the rodleas regvon as 2" wa diameter. 
¥, Kies thinks it posible that the rod-pigment when out 
mia of the rods, When just formed ou! of the substance 
of the pigment epithelium, may be affechve upon the 
sdjeiuing) cones. This muggertion in very lacking in 
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probebilty, but it 9 2 eatufartion to find that v. Kies 
begins to sttnbute to the rod-pigmest ite evident rBle 
fof bang the source of mght-nmon ; he har heen spetking 
‘even quite lately as if the rods had no daylight-vision 
ft all, and as xf the echromatie vinoa of the normal 
Periphery were néomuanly to be asngned to the cones, 
[Bat thia 1 to overlook the fact, which starea ane in the 
eye, that the moat striang featare of the whole etaxtian 
a the comadeace between a gradually oncammg rez 
forcernent of vision, moat efiective im green hght, and an 
mqually gradual cegenerttnon of the green absorbing 
substance in the rods 

lt there wa stil more marked osinadence betwoen 
fanction and apparatus adapted to meeung it, which 
goes very far toward confirming this view thet the visual 
‘purple acts as an absorbent medwum for an sanafixently 
‘trong bght All vertebrates except fabes have & vial 
‘purple of exactly the same absorption epectram ; 
‘the eye of the fsh the maxnroum absorption 1s farther 
‘toward the blue (Kottgen and Abelsdorf), The diferenoe 
1 perceptible to the naked eye—the colour an fshee 18 
plunly more bhush, Now is what respect do fishes, 
‘on the one hand, and memmals, aatphubiant, and berds, 
(on the other, differ ax regards their faintlght vison ? 
Phaunly in thus. the dark recesses that other ansmals 
hhave to enter are the depths of foresta, the shadows 
of avarhanging plants and grasses, But fishes find ther 
‘arkness at great depths in the water, and water has 
‘moummm absorphon m the yellow (Spring: Bul, Acad 
ey. de Bike, x896 (3), xxx, 252). The biner at 

stall of Fabes 9, therefore, just what 1 adapted to the 
retaining of the yellower hght of the depths af the comm 
‘There 1s another curious feature in the visual epparatas 
of certain fishes—the retinal tapetum, a whste wurlace 
cof guanin, in the upper balf only of the reting, whote 
evident fonction is to give preponderating reflction to 
‘the Hght which comes from regions dowa below, whe 
‘the toc bright light of the external upper bal of the vieual 
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eld ve tll iodernted by the absorption af the bisek 
prement of epithelam and choreid. This is an mstance 
Of en abwaotaly specal peoviecn x the eye of the Gah 
forthe darkness of ocean depths whichis quite axalogous 
{0 the dtinctive calour of eit vara! pple, and Bente 
lends probablty to the mew that that too 3 diferent 
‘on a the mteret of adaptation to hie under special 
eondstons 

Tk ma very goat mtsfachon to bave exteblihed, 
at lat, Beyond question, the fact of the flue of nght- 
‘inen in the doves (menzang by night-vinan that form of 
‘vinon which fs aquired after the roé-pgment-—the vasa 
red or the visuat yellow—bas had time for regeneratyon, 
tnd whch we ceagniced subjectively by the grest change 
‘which takes pce nthe relive brightness ofthe different 
portions of the spectrum) Experments an thye subject 
‘which are made by estimating the brightness of two fields 
of different colour are not to be compared in vahuo (even 
‘they had not been dene wit too lage a eld, anal by ah 
inadequate method) with those in which the observer 
‘a merely required to detect the dseypraranca of a spot 
ann suroanding field wis which t absolutely identical 
doth in bngbtnem and coloar This necessary condition 
can be secured im two ways (x) By the method of the 
‘schomatic colon apusteon, as 3t maybe called, for 
the normal eye, an this method the distracting eect of 
the colour-aapect of the Selda ta be compared 4 obviated 
by mang each conast of a par of complementary 
ealoury muzed in the nght proportion to prodace grey, 
find therefore indhetingutbable for seciabon when 
‘equally bright, though physically of very different con- 
stitunoa. The field. which cantune green will be the 
fone to bnghten 1p in a feast ight, for twalight-vinon 
(being duc, 23 we may suppose, (othe absorption isto the 
‘rods of green light by mecns of the visuel purple) 1 
predaminantly wien for the grem porson of the 
spectrum. (2) The seme result, that of offering to the 
heerver a diferece in brightness oly, though the Ht 
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wie momsitation of the two fields compared is very: 
Giflerent, can be bad with no chffculty througbout 
‘either half of the spectrum ia the case of the partially 
colour-blind It was by this method af the achromatic 
colour-equation thst Hering’s hypothens of the speaic 
Tnghtening power of the colours {er Henng’s complete 
colour theory, if be bad not quickly modified kus varws— 
‘de Téchermak) was overthrowa: af twilight vision was 
1 new form of vison, mediated by the vinual purple of 
‘herode, and for that reuse achromatic, andaftechanged 
brightness values were completely accounted for by the 
huracter of the visual parple absorption, thm there 13 
no toom Jett for a “specie brightening pomer of the 
colours”. Hening's theory 15 now. therefor, aguan im sts 
‘oneal extraordinary portion, 2 which spectral red, 
fg. whch most observers regard as bemg ebsohstely 
saturated, owes ail ts bmghtners to « black-white process 
(whose presence at alls x porely gratustous mxsampton) 
‘and 1s not affected an us brghtaess in any degree Dy the 
‘volummmoumess of ‘the phctocherucsl proces which 
‘underlies the sensation of red. 

‘With ths deBcutive revolt of v. Knes 19 removed 
every dificalty that may have entted ix granting (what 
tau starting point Jor my theory of colosvancn) that 
‘the rode and conm play a ditlewmt part i the retisal 
feconamy-—viz, (to give it accurate expression) that ¢hr 
rods are the organs for nothong but ackrametse veri, and 
‘Bhat colour (chroma) +2 madvaid by the cones only. This 
result may be regarded, therefore, from now an ab a 
distinct acqusrion to our Imowledge of the sense for 
light and colour. 

"This view would have been rendered still more certaun, 
‘pertaps, iit had turmed out that all the cases of congenital, 
‘otal coloar-blindues show also total blindness im the 
fovea. Tae first case of that Kind to be cascovered (the 
ciect doo not exhibxt iteelf without some device for 
making st apparent, oo account of the fact that the 
Patient learns caretslly to vord fenting with a spot in 
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‘the retina with which he can soe nothnag) was that of the 
‘wlallycolonr-lind boy in Kéaig'slaberatory upon wham 
T applied (1894) the zethod * of sbowing that some one 
ef 8 group of spots ia tare to. Guappent if much defect 
exes, wien the efor is eoade to set them all at once—e 
‘ethod which T had joat devised an order 10 render 
readlly perceptible the (otal lack af the Pasianje votan 
{the foves ofthe normal eye, whic bad joat unexpectedly 
revealed itsel using sone expesimem's which T wat 
carrying ost wi. darkroom in Prafenoe Kecig’saboratory 
(Prychol. Re, 1, 143, 189). Senoe thm there has been 
uch discusnon ar to. whether this total blindness in 
‘the foven of the ackromate is the gener! rule. Usthod! 
fire announced that in & patient of hun it ded not ext, 
Dut since then Ie has found (uumg a modstoatlon of sy 
smethod—the pera teed endeavours to ld one spot 
fixated in tho exact contro ofa ring of others} that thin 
same patient can infact not see anything with the centre 
of the retina, Hess and Henng, Pazger of Bere, and 
¥. Happel hnve all cota caves sn winch hs foveal 
undoes is lac (chey bave aot yet, however, used the 
lant dencribad mettod). Bot the’ extreme intreet 
th which the Gal ssttkement of than qamtion “wat 
Teganled « now set at ret by means of the case of 
Rachlmann (described in the September number of 
Poyeholpical Remo). Thus cate as bows mown 
sca matter of fact, for many yearn—that i, though foveal 
bBundnes was aot expeonty Tooked fc, not havmng been 
Iuthesto mupectnt, it was knows that Frau Profeasor R- 
‘ed pertect vasual acuity, which s incompatible with the 
fovea berg throws out of fanctoa—bet rt has hitherto 
failed, through some ardent, to be accorded 8 proper 
logical weight in the dsm. Whats placed beyond 
pute by it in that congenital achcomary may bes 
elact of the cortical entree; this ban loug been iaowa 
1 Yt ray pvc, a tas en ty, tate 
eS ey tal ea a 
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to be very frequently the sole cause in cases of acquired 
achromasy (ee Flrster’s case, among many others, 
Arch, f. Opith., wooo, 194), and since retusa and cortical 
calls are both essental imks sn the chain of causation 
1m question, and since at 1s quite certam that there are 
separate centres for colou-nsion, there is every reason to 
‘suppose that maldevelopment, as well as disease, may 
sownetinnes cause the latter to fall out of function. Bat, 
‘oa the other hand, the undeniable cases an which total 
Taek of colour-vinon 1s cccompamed by total bhndness 
cof the fves, even thongh they are not exhaustive ofall 
case, still pot as strongly as before to the cones of the 
reina as being, is these snstonces, the source of the defect, 
‘What is rendered certamn by the case of Rachimann is 
that there s nothng fared un the refering of cases of a 
ferent sot from these toa ciffeent seat of the physio 
Tegal lesion, namely, the cortex, 

‘There 1s now, therefore, nothing thet stands m the way 
of beiewmng that: (1} The rods are the organ for nutheng 
Dub echromate vision ; (2) chromatic colour 1s sadsated by 
sralang bud the cones; 25 1 mamntamned, following upon 
‘Max Schultze and Pannané, in 1g2. 
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J BAVE 20 donbt thet 2 very profound and onganal 
paper enold be wnitten on the theory of theories an 
general the subject has not yet been adequately treated, 
‘tad im a scenic world where theones are constantly 
beng constructed, xt u of great unportance that the 
‘general pamenples which govern the eficiency—if such 
these be—ahould be thoroughly understood. So also 
sn the roae Lamted subject of the theory of ealou-theones, 
doubt not thet there 35 ground for a éxcasnon going 
very deep into the fundementa) prinaple of knowledge. 
But I shell not attempt « dbscusmon of ths character 
to-day, because there 18 not, mn ths cave, any deamon 
for discussion of a recandute kasd The eras winch the 
current theories of colour commit agaist fundamental 
princes are so patent, so fagrant, 80 open to the com= 


‘Hence 1 shall put belare you only same very sumpis 
connderations which will nevetheless be ufcent 40 
show that not the theory of elma, nor that of Kering, 
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‘writings should remain not even comprehenible to the 
adherents of the other aide. 

T shall therefore simply exumerate an a few words the 
Dasie principles regarding theones, eo far as they are 
applicable ta colour, and then I ghould proceed to show, 
if T had tame, 1m siore detail, how they are violated in 
the wasting theones That these principles are ample 
‘to the hast degree 1 no fait of mine, but that of the 
‘eunple ounded holders of these theones 

1. Ta the fist place, tt w not denrable thet any theory 
‘mould resolutely ignore a large proportion of the plain 
facts whch hold we the regan which if soaks to cover, 
For instance, the followers of Hering are reqaured fast 
fully to abut ther eyes to the fact that red und green, 
a every artist, and every schoolboy, knows, are not 
complementary coloars So the Helmholtz theory has 
‘no word to say to the fact that while blue and green 
‘aks ihe Bhan gemma red end bine mals the 
reddish blues—red and green, which play an exactly 
corresponding part in the theory, do mot make the reddish 
freens nor the greeaish reds—-that there are 0 such 
‘thing as thooe colours im exstence, nor concewvable 
even, as st happens, to the mund of man—but that they 
produce a pectectly new, ant geuerss, geasation, yellow. 
‘The followers of Helehelts, sm fact, may be deranbed 
‘as bevag peyctucally culour-blind, incapable of apper- 
‘onving yellow. 

2 It should be the first object of any good theory 
to provide itself with a surtable termunology for the facts 
which le witha ite doman Thue tecanology would 
not, of course, in general, be the sume for diferent 
‘thearies when interpretation comes an, bat st Jeast 
2 common language should be provided for the patent, 
‘the admtted, facts of the subject—st chould be poashle 
for two contestants to at least begin 2 comprehenable 
liscssuan of Dhe facts woth which they are conceroed. 

1 For ang theory regardng the conntnion between, 
2 denes of psychical facts and a senes of phymcal facts, 
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‘the principle of paychophysical paralleem moust obtain. 
‘Any theary of colourcensation us, of course, theory 
oof this kind Strange as it may soem, there is actual 
occasion for Taying dows this principle expletly. 
vy. Knee, for wstance, says (in Nagel's Headbuch) that 
we are “einen gesitsen Parleizcus unrmehmen 
Derechtigt". As if a simple strnightoat 

‘were not the bess of alloor atterapted psychophywalogical 
thecrion | No start in a eolour-theory, of courte, ean be 
‘made without it. But, alto, a balfway application 
of it wnot suficient—it must hold religondy throughout 
the whole dom. 

‘4. In particalar—what x merely the principle af 
‘peychopbysical paralleism in mare precise terms-—one 
‘ust not (1) make use of one and the samme conception 10 
explam two totally difleest sets of phenomens ; mar, 
cobversly, (2) must one and the same consclons expenence 
‘be attuched, in amy theary, to two éiflerent physiolopcal 
Inypothescs.” Thu paur of precepts w violated, for example, 
‘when, on the one hand, Hering explains by one bypathecis 
(a mxing of amienilatery amd dusumlatory cheanical 
‘Procemes) two auch diferent phenomena as a black-white 
feries (i which both the consttomés always appear in 
consciousness) and a yellow-bloe (or a red-green} series, 
sm which the two cmabtumts mever appear together, 
bat ure always replaced, one oc the other of them, by an. 
‘adminture af wiute (cr of yellow). Pheoomena ofa totally 
different aad, bike thest, require a diferest chemical 
conception, not an tdewical chemucal conception. Oa. 
the other hand, the other half af the principle is violated 
bby v. Kelas and bis followers, when, to one and tha same 
conscious phenomenco, the seasaizon white, they attach 
8 owtam unitary chemical process in the rods, and a 
combination, by consciousness, of the results of three 
Gifferent colour proceses m the cones A very Hite 
reflection on the nature of the gromds which we bave 
for theanting at all, ought to have obviated the possbihty 
cof mther of these twe opposite exons. 
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A minor principle, tat one which I believe i in 
rungent Seed. of exsimeraton, it this: No constituent 
clement of a theory 2 of any great postive value unless 
2 explains more than ane phenomence at once, negative 
value it woald se have, saamuck ase phenczoenon which 
mot be explaied contrtently wath a gwen *Beory, 
‘of course, upsets that theary. But in order to be able to 
aun for self sauch counderation, xt must be uble t9 
cexplun at last two things at one Blow ; af Giks the ttle 
{aulor of Grimm) it cam Sol so many av seven dificalies 
st anc blow, that add ofcourse immensaly tote Preatge. 
‘But there should be, in estimating the value af theories, 
1 duct diference mada between thooe which St in 
‘wth a large schesse of conceptions all work together, 
‘and thse which are purely—we already have the Phruse— 
fd hoc. Schenck, wath hss bypocheris of Re 
(pveran example ofa weakness of tus and Conceptaens 
‘f thi deserphoa are of to tle consequence, ne Way 
‘or the other, that they should always be discremipated 
from eonintent theory, and should be eareflly Bomgoated 
su" ad hoe Bypotheses 

"L tawe no fume, a Bfteen minutes, to show in detail 
Dow sadly the two val colosr Uheenes violate, between 
them, every one of these dementary panaple. Bot [ 
‘dd 4 few words especally on colour-teeminology, and 
‘thm call your attention to's theory of my ows, which i 
tot, Tbebiewe, open to auch fatal objections 

"There 1» something saherent 10 the petals of the rose 
which, when examined apectrotcopeally and mearured 
roschamcaly, gives us what we interpret a5 4 certun 
‘bration period of the ether, but which, when t effects 
tu through the eye, we call the colouneensation rad, 
Now our early azomtors, m making up ther various 
Tanguages, sd no Knowledge of ght wavelengths, 
an the onc hand, nor of Use eirent phological chesm— 
Jens, seta, verve tre, cortex—on the other hind. 
‘To them it seemed that the sensation ted resided sn the 
ose algo a8 rednes. So we, though mare Jearned, 
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continne, through lasine, to speak of the sed portion 
af the spectrum when we abosid speak of radiations 
go and of blae when we choad any radon 430 A 
{See note af end] 

‘The sae thing enets in the case of sound There is 
somethung in a hypothetically extemal world whch Isat 
‘once the cans, through one staf wens organs (the spuce 
‘emse of eye and sks), of oar expencncing & dente 
‘bration penod of au, and Uarougha dilrent mse orga 
(the eas) af our becorang aware ota deste thing which 
‘we cal prch. To call two such diferent experiences by 
(one and the same name, sound, dows a hopeless poverty 
‘Sf Ianguage "In sound, no very serious trouble results 
from this ambigusty; but i the repon of clave the 
carresponding confanon of terms conatantly the source 
ofa amentable confusion of thought. Thee absclately 
nothing to do but to drop entirely (when speaking 
seientifcaly) both the word calour and the word light 
We should say, oo the ene band, when we refer to the 
things in ther objective ngnicatvon, light (or colour) 
‘bratons or (beter) radiations, and on the other hand 
when we feler to them in tbe ammedately mubyectirn 
tene—the other i subjective too, of couse, an the lat 
rstance—we should say ight seneats, of colour 
sensttocs, The Germans, fortuantely, already use the 
Jest two terms very constantly , wther languages should 
fellow their example» 

‘But tt would abso be » good plan to drop altogether 
from the ssieatiie vocabulary the wholly ambiguous 
‘words light and alow (eben unmodified), and to subatitue 
or them vibrations cr radutrot. Thin objective lite 
(radiations), which gve a bse gem senses, would be 
‘alld, iavanably, blue green radiations. When we wish 
to paricalane farther, we may deaenibe them a3 athec 


(The Cermaan ower, waertneatay, ae tne to tre 
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hhamogeneons, or, uf they are any oxe of the thousmnd 
lightray combinatocs (ether dual or very complex) for 
‘which the blue-green sensatian Is doveinant (to use the 
‘good word of Abacy), then we should call them a bloe- 
‘ween radiation group But we must never (when 
scientific) speak of blue-grees ight. 

‘Sl more condacive to clearness would it be if we sboald 
amy, instead of red radutions, erytlragenie mdiations, 
‘and for the other colours <Alaregenic, xanthogenic, unl 
eyenqgome culations For a whitedeght combisation, 
oweegeme would be the right word, and for the light 
waves 1m guneral, phalogeme, Those namen may asem 
rather fat fetched for constant ase, but itis oaly wath the 
aud of exact terminology that eact thought can be attained 
to; they are nothang compared with the tem the chest 
Jhas to mae use of ~and rt sscertain that chemistry would 
never have reached its prient state of development 
‘tchemats had balked at hard names, Thus distinction, 
‘hough 3 may seer to be inessental. $n reaty of very 
(reat consequence : st enables us, for example, to make, 
A once, these two important statements: There 16 m0 
Helmholts theory of colour-comtions, bot there i 
collection of Helmholtz facts regarding colour- 
radiations (v2 that of the equivalence, as causes of 
sencahon, of & lange number of aflerent redution- 
‘ecturea—all the facts, undead, that sre embodied an 
‘the colour tnangie—the faete which Hering and hie school 
campletely agsore). On the other band, there ur no 
Henny theory of colour-radatons, but only a theory 
regarding coloursensations—a theory which woold be of 
ieat amportanoe, were t not that at3¢ wholly contradacted 
Dy the facts of calour-radsatsons—the fact, to begin with, 
that red and grem radatons do not, when mixed, 
‘pve occasion for a wus, but fore yellow, colour-sensation. 


‘The fact that there are two colour-theoties, diametrically 
oppesed to each char, wich dente the scienbfic world, 
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{a not so very strange—for the facts af colaur-vusion are 
singular sx the extreme. If the calour-gemut hed been 
ike the tonegassut—if ono colour had always diflcred 
from another by a difference of « like lund, as one tone 
dlrs from another always in respect of pitch—a sub- 
jective variahon which proceed exactly pari pausw 
‘mth the objective vanation of rapidity af ‘bration— 
‘then this endless contest of the colour-thooriet would not 
hhave area. But instead of a rectilinear seasation-eenes, 
to use the mespeasable term of G. E. Miller, m ant-to-oat 
orrespoudence with x rectlisear plyucal series, we bave, 
for the colouremsatous, x series whach completely 
‘changes its character at four debiite potots of the scale 
‘—inftectional posnts, we may call them, ta borrow the 
‘eam of the mathesiabeaa Ta corespoadeace with 
snunple change of velosty the ether-radiatoons, we Lave, 
for wnation, what can only be deacnbed as a growing 
‘more and more yelow, thea soddenly more and more 
(prom, ete —four dhstinct vecthinear tenes, veparated 
bby points of homogeneity. The diflerence an character, 
‘etwern a colour ofthe ove oct and of the other wextreme, 
and needs to be distinctly marked oot in language ; the 
‘term mstare for the mtermediste colour-tones prodaces 
‘hopeless confusion with the radiation-mestwes . the terra 
fundamental tor the others commits one at once to & 
‘olourtheory. There ws absolute tend here for two now 
‘terms chaructersang directly the phenomena sn question. 
TT have peopoced calour-Send for the intermediate colours 
Of the four rectilinear senes, and weléry colour for the 
‘colonrs af the four wnSertuonal pounts. ‘The use of some 
sch term a8 colowr-Hemd. ot Inst, at indispensable, 
1m order to obvinte—if that be possible at this ate day— 
‘the hopeless confuuon that ensts between the objective 
and the subjective aspects of colour. 

‘Wa should then say that s mature of blue and green. 
rudations gvet a bhiegreen colour-blend; of red aad 
blue radiations, = red-blae colourblend.” (The word 
purple should be dropped altogether, and ako orange; 
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simple colour names should be reserved for the umitary 
exlour-seumntions; the Pequmaus, wrth their immenscly 
long word—twenty-seves myllables—ior bhuish-red (or 
reddiah-blae} have been absolutely scientific m tha respect, 
ts other races have not been.) But « muxture of red and, 
ven radiations gives not a colour-blend, at a, but « 
‘umitary colon, yellow. 2 take the tari colou-blend 
from the domain especitliy of teas; what Jooks to the 
‘Plus man hike 2 plasn ten wll be detected by the expert, 





wo to the Introapective péychologsst—the Phrase «Dot & 
plecmumn—a parple wall (o spte of its mmtary mame) 
Deseen to bea colour-blend, riz of red und blue, as much 
tun the expheitiy named bisegreen, ar greensh-yallow, 

‘There are many more delects in current norwenclature 
‘whch T cannot mention here Thas, to desenbe normal 
coloer-vition a8 tncheemmatse aan abusrdsty—at isan reality 
lesrachromanc. What 1s trae—and 1 Deng made out 
‘more and more concauevely by Nagel and hur school, 
much to the ducométure of the followers of Henng 
<i that. theen specific wave-lengtbs are « suficent 
‘sumlus to produce all four of the colow-tensations To. 
‘expjain thu fact, an adequate theory 1 requred On the 
fther hand, to call the vinon of the totally colecr-blind 
monochromats, a8 writers do stl, # equally abmurd, and 
‘could only be persed in by these roinds (the description 
1» Schroeder's) sn which the law of contradiction does 
not bold, 

‘The twa extent theones are theomes winch make 
comprehensthle, each, come of the facts of colour viton, 
Dut at che cost of turning « deal ear to the others. The 
‘one which I have proposot, and which Schenck bas itely 
dont me the honour to appropmate (ar v. Bricke bas 
‘pointed out), daums to do justice to hoth of the two sets 
ff fants which it as seemed so difficult to reeonale. 
‘The masn pounts of this theary are these :— 
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‘That rod-vision is calouteas vazon (ar, 2 pve wt tts 
doe smboo-guals, whitcacss vision) I moxisteined 
already when I browght forward my theory i= 1892—a 
your before the fat paper of +. Kes on the aubyect, 
[Mthough the view 1 droaliy attated to bin; forms 
‘ax unportant constituent clement of my colour theory. 
Tassume, mn fat, that the rods give nse to a pomtive 
form of vinoa, colouiteas vince, and that ibe photo- 
chemical substance contauned on them 1s capable of only 
‘one form af decomposton, the product of which i the 
exsstant of the seazation white, or grey. 22 the come 
of evolution of the visual scase, the photochemical 
‘substance in the cones becomes more hnghiy developed, 
and becomes capable of wective dusonation by lght— 
the peeduct of damocation brought about by the rapid 
light radiations giving re to the sensaten blue, that of 
the alow raditoas to the sensation yellow This cone 
‘eptson 18 not farfetched, for Remon y Capa has, nce 
my theory appeared, demoostrated tat the coves are, 
exactly, im structure, more bighly developed rods, But 
‘when both sorts of raditous fall upan the rete at 0208, 
the onginal decorpoution product results 
blue and yellow when seen together give the sensation 
wehite, or grey ‘Tht represents the stage of visual 
<evelopraent ofthe partally colour-blnd (or ofthe yellow= 
‘ne visioned, a8 1 peeter to call the), and also that af 
‘the middle zones of the normal retina. With the next 
stage of diflrentiation, the yelow-producing portion of 
the photo-cherncal substance becomes steif capable of 
‘ro partial dssocmtions, that 1st becames synchronized, 
mts mater vibrations, to separate portions of the spec: 
‘trum, and gives nse tus to two different colours, red 
fand green. ‘Bat when both sort of radiatons stn the 
retina at once, the onginal eeosaton, yallow, oocarn, 
‘When the last development has not yet taken place, 
swe have the defective viuon ofthe partially colo hid, 
Slective dimoeation by tight radation can only be 
conceived of us sccumog by means of ths syncbroniam 
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Detween its difereat wbraton ratce and those of the 
internal electron vibrations of the substances affcted— 
‘26 Ostwald has quite lately maintamed It w to account 
for thie selectwe dissociation that Schenck introduces 
his separate vusual elements, the Rezempfanger, or 
‘excilation-recervers. But the Smal visual substance 
‘mutt attelf be timed to receive the wibratons of the 
Rewempianger, and if this 1s 50, xt can yost as well be 
selectively receptive to the whrutians of the light feel, 
‘These Revemplenger cen be nothing mare than a fazon 
e parler, anal it, wn fact, yost as easy to speak watbout 
them This is the only addition whach Schenc males 
to my theory, and it ws the gan of x loss, for thoones 
should not be overburdened onnecessanly. ‘On the other 
Ihand, he bas overlooked my method for accounting for 
‘the tintary character of yellow and white; in fact, he 
feels no paychical necenty for downg that—he m4 ia % 
word, still m the prepsycholopical, and unenhghtened, 
stage of ¥. Knie and his followers 

Upon iy theory, contrast, aftersmages, and all the 
‘other phenomena of vinon recerve an easy accounting 
for, which T need not go mto here. 

‘The theory of the differentiated photo-chemscal visual 
imbstance, the genetic theory of colomr vasoa, Tmaiztasn, 
solves the very ficulties which severally ake ampossble 
the theories of Halmhoits and of Menng. Tt ought, 
therefore, to be scceptable to all students of the colour- 
sensations 
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(if one looks at a real nage of a very bright dfiracton 
speciram one seas = spectrum which x not distorted, at 
the refraction spectram, by beng stretched out some six 
cr seven times too much at the high frequency end, When. 
‘the Intensty as high, the dual colour blends which ostally 
separate the unitary colours are very wems.cuont—oue 
2¢ three good blocks af bine, green, and red, with 
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narow but brillant band of yellow between the grees 
tod the ned (eee Pig. 149). For experiments with spectral 
Inght, the relractu spectrum Is for some purposes to be 
coe mf pce of ce ra mons =m 

ntrely wrong—that represeated 22 Fig. 24a 18 the ane 
that Mould always be ese 1K has sxotbor powt of 
apenerity—ite negeuve afteromage (eel sage) 
wt alo very womimatng. Whste Light is made Up, 
phyncally, of Blue, Green, and Rad We have only 
{to bear in wind the colourstungle (Fig 13) to-v0 at once 
‘hat the colours of the rendual images of B, G, 3B, wo 





Mie, 19— Tw eaten aur energies 
exspectiely BG, BR. RG (which ar yalfow), wnth B 2a 
‘the afteramage of ¥. But when ons Jocks at this 
samphted (ecentifc) spectra, ont sees that st is easy 
‘ta ge purely physcal (that 1s correct) names to the 
specie hgh that malce st up—ore have only to call ther 
Iighta of Hugh, Low, and Maddie Frequency, and we have 
‘tan the soapound name, Low Middle, for Yellow (which 
4a appropnate, beeausa Yellow js a sexoodery product— 
tsemade op cut of Red and Geena}. Tin we have repre: 
tented m Figure 148, Of these names, High, Lom, and 
Middle Frequency are all thet the physicist needs 
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(becnuse be ignoces the existence of yellow anyhow) 
‘but the tetrachwomatat will £4 Low-itiddle to Bi list, 
‘because he cam se the yellow which tans the place of what 
‘would nataraDy be the seria of the red-green. TC the 
‘piyaeit could be persnadad to use these name, hi would 
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THE EVOLUTION THEORY OF THE COLOUR. 
SENSATIONS (THE LADD-FRANKLIN THEORY 
‘OF COLOURS) 
‘A Quesnox or Prioerry 

[Ns to et ofthe ebaacter foand a the haan 

smnal, one bas only the lower enumals m which to 
study the course of thar gradual development, bat in 
connderng the colour-vense one as the umgue advantage 
cof beg able te percerve ts miccemve stages spread out 
‘wpon one's own retin. It hay been found that 
‘natorcally the stractre ofthe retina as ofa hgh form 
fof development 1m the centre, and that at gradually 
‘vecamen less highly developed towards the periphery. 
ofthe retinal vsual ements, the cones alone (which have 
‘been shown by Raion y Cajal t be more tghly developed 
‘ods are found i the fowea, and they occur more ad more 
spanngly fasther out atl there are practically none m 
he extreme penphery Correspooding wath than fact 
of structare i the fact of sensation Gat we get fall 
‘etrachromatic clour visio only the central portion 
of the retma, and nothing bat achrematic vuson (that 
sm which all objective hgbt, of whatever light-ray con- 
stataticn, los whste m quality) sx the extrana penphary, 
‘This fact, together wath the crcamatance thatthe rena 
of rag burdoat-prey (who have no eccatoa for salout 
‘viuen) is very deficient m cones, led Max Scholize to 
form the hypothens that chromate vison 3s mediated 
bby the coves only, and that the rods fornish nothing 
‘but achromatic vision. This view was further strengthened 
when it was advocated sadependently by Parinaud, 
‘upon reasons based on th facts of emeralopia, x dueave 
vwhich conssts in the nen-fusetong of the mechanism 
for darkness adaptation Tee disjunction of function 

238 
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cf the rods and coner—the specie sod-cone function 
(Ladd-Frantkin)—wen ceodered iniobitable. by cota 
Siacoveres made an Kong's laboratory an Bern in 1892, 
‘Thay are. (e) The exact comedenoe of the dutnbnton 
rough the spectrum of the exbjctie intenuty of 
ight-roien un the normal mdnndsal (whch comes 
wth dint of mght and day non i the echromate 
efectives) nth the objective epectral absorption of 
light by the visal parple” “The iter sobstencr appears 
only—oe at Ieast in) vastly greater, quantiyalter 
Slaptation has taken place (Song) (2) The felomng 
two. lovely connected facts (Ladd-Fraakle, Susbr, 
Abad. dor Wyss. Bern, 21 ora, 852, p. 360)” frst, 
‘he Normal might Bhadness of the jones, 2, the fact 
that that form of subsuute visa wiseh dhe coral 
indivviual moqures. after twenty sinutes ina dark 
Feom—aightonon, af it ay be called, of seotopua—he 
floes not aoquze inthe fovea’? and, second, the complete 
bandwces sm te fovea of thane sivideals who bave the 
{ypisal (bomcortieal) form of total chrom bhndoean 
(Gchzomat 


top). 

it mast be repeated here that tbe ambyoous word 
colo should be teed ta sche the colour grey (white), 
tad thet for coloar proper ove should say spec color 
(Het), toad colour (Haring), oF lvema (Lald-Frasko), 
It woul be, for example, abeurd to sippose that when 
wo are duscustng a eolowr-theory we ae discusing « 
‘theory which accousts for the chromatic semsatims oaly 
aang not for the achromatic ones 28 well. 

‘A remarkably goed evaluation of these (then newhy- 
sscovered) facts of colour von is given by Burdon- 
Sanderson (Natwr, r4th September, 7893, p. 469). He 
discovered that al thete complicated new facts are 
‘best ondemtood "1 terms of my colour theory, 

Tn the md-penphery, vision is dichromate end 
the colour-defect is Idkewise ichromatie; the calourt 
teen are blue and yellow, the colmar-scndations Inclang 
fre red and green. The limite of these calourcclds are 
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‘oot at all definite, because zach depends upon the suze 
sand brghtnear of the caloured objects ued for testmg. 
The oolaws prepared by Hegg, of Berne, in which a 
‘Dluishegeen and a Blash-red (the zooally stable colou- 
tones) are made, by reduction of their chromaticity, 
such that they vamsh together, should always be ‘sod 
‘by ophthalmologists and in psychological laboratories 
for mnatigutions of colour Guida. In this 2xd-periphery 
ff the retina no structaral differenen can be made cat ; 
‘the ataviam of the coloursense wiucd 19 here exhibited 
evidently due te an00- development x the ight-tenative 
chemoul sabatances in the cones. 

Ya human vitoo we have, bendes the sarma} colour 
defects of the noc-ceatral retina, many cases (congenital 
‘and acquired) of partial colour-bindness; these, m ther 
typical forms, cousat an seeing the whele spectrum as 
yellow in the long-wave ead xnd bloe wn the short-wave 
‘and, with an mtermedate pout at whuch vinoa is 
achromatic. Thus colorless point i# wot at the place 
‘where the normal indsvidoal gets the pure grocn cxlour 
(the unitary green), but at a place which to him 2s biue- 
(green. Those who have thus yellow and blue viwon only 
{te of two distinct types, protanopac and deat { 
according as the distnbution slong the spectrom of thear 
‘undifferenbated yellow-msion cowcdee with the normal 
istnbution of the greca constitwent or of the red con- 
stituent, The Naewnon of al these cxses camades 
‘with that of normal vice 

Partial colour-blindnest 1 a seminked character 





(Morgan) 
“Total defect in the chromatic sensations oocurs much 
Joss frequently; the datnbution slog the spectrum 
of the achromabe sentation (ubse st all that 2 left im 
‘auch cases) is sometimes the sume as the intensity 
Gutribution of somal {tetrachromatse) wasion ; but more 
frequently 1 comades with that of normal scotopia— 
‘he maoumam is in the yellow-gress. The former eases 
‘are doubtless instances of cerebral defoct(Ehe fovea ia not 
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bind in these casas): the latter aze congenital, typical, 
and accorpamied by total foveal bindness. The defect t 
plainly, m these later cases, 2 non-developammt of light- 
‘sensitive substances the retina, the cones being doubtless 
‘wholly oxt of fancton. 

‘This remarkable congrsent mass of evsdenos in regard 
to the development of the chromatic seusations, wich i 
hhere briefly summansed, evxdently demande © colour 
‘theory which taker st mio account, and which explains 
fat the same me, by one and the same conception, the 
facts of complementation. (See the dugrams) ‘The 
evelopment colour theory has ths for its object, ad also 
the avoidance of the inconsistencies of the tieones of 
‘ering and of Helabottz. Itagrames that there ured, 
first, 4 byght-senstive chemical substance in the (low: 
(grade) rode which responded noc-pacfically to light of 
ny sort within the wnble spactram. The snplaclaavage- 
product of this stage of t forms the nerve 
(xetant which ws correlated wath the semation of white, 
‘Thue ia the only sensation pousble when the rods alone 
fonction, ¢. xa the cases of (a) normal achromatic vition 
i the extreme periphery, and of achromatic vision in 
Q) the normal eye wa state of darksess-adaptation end 
mth low objective intensibes, and in () the totally 
chroma-blnd defectrees. Devslopment of the calour- 
suense takes place in the form of the acquiring of greater 
specificity in that part of the colour-malecule which 
undergoes cleavage Instead of responding ale to all 
parts ofthe vauble pectrum, part of t, S¥,s synchronous 
1m its electronic vibrations with the longer waves, and 
part of it, Sa, with the ehocter waves, but whenever 
doth of these nerve-encitant substances are torn off at 
the same time, they unite chemically to omstitute the 
former whitenese-excstation. That is the stage of develop- 
‘ment of the narmal mid-periphery, end of the two types 
of yollow-biue vison. In Stage IIT the complete difer- 
imtiation of the Eghbsensitive molecule in the way of 
eater mpecdicty has tala place, and red and green 
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are added as spociSe sensations. But the perve-encitant 
ssubstanom, Eo and Ex, when they are both dissociated 
‘ct together, reconstitute the yellow nerve-excitant, Ey, 
‘Agu if ic plain that yellow and blue nerveexcitants 
reunite to conshtuts the orginal nerve-excitant, Ew, 
‘whooe sensation effect, when the cortex u reached, 
fin white m quality. 

‘After imagesare explanedas a“ rendval” pheaomenon, 
‘due to the completed dsociatuoa of a malecole which sn 
ats parually dasocated condition 1s, ike other auch 
subytances (Cannon), anstable, (Contrast has boen shown 
‘by Frohlich to be the mter-rmage of éfosed ligt within 
‘the eve-ball] 

‘Thus theory has been adopted sm part by Schenck 
(Piligee's Archwe., 1907), but be leaves ont an important 
feature of it--the explaneticn of chroma-extinctoa 
1m the cave of the formatien of» plain yellow out of red 

‘white cut of yellow and blot, 


k 
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‘blends, are in need of being accounted for. Schenck 
‘adds many bypotheses for expluning the details of ealour- 
‘blmdnens, bot they are too speculative to be of much 
anterest, [v. Beicke has pointed out (Comiid. f. Physoh, 
Bd. 20, Nr. 23} that Schenck did not, mn hus first paper 
fon this subject, give me proper credit for my theory } 


var 
ON COLOUR THEORIES AND CHROMATIC 
‘SENSATIONS 
‘A Camezma oF Paxsowy's “Covote Vino 


(LOLOUR Vin.” Ox, Pasns st god set 
and so well adapted to bringing tothe fore the 
crucial dealer of the Heimbtsand of he Heri olor 

‘thats ites extend scsi, 1 snot 
tothe paytot and Yo tbe follower of Helmbelte that the 
book eapecally clcalnted to be beneSeal; they 
sll be too apt to be contrned ia tbe preset 
exror of their ways, for the psychological point of view, 
which demands explanation of the yellowness of yellow 
Ga of the wistoess of wists, m'« post of view which 
Dr, Parsoar atas to only lectinghy and soperticaly. 
evarthlem, thn space which is gives to the work of 
Hiring, ast the ognibon ofthe mderpread acceptance 
‘tcrorded fo his views, wil purhape have a rubconmois 
tinct in aborutoris bare fon came tod his mplendid 
Light (or te prycology of elo are prectaly walows, 
18 to the adherents of te other schoal—the followers 
at Henng—that the Book i destined to be invaluche 
it an titractive pce af Dooksmalcng—a fact of m0 
Ide amporiace it lreely provided wath agrae— 
hack it a8 aemdmenet far better than salumnn 
OF figures, and wich ace oot, n tas tance, Ike the 
dugrams of Hering, freehand drawings based purely 
‘pon the amagnati ; td ieee a ThoceusBly wee 
inforad and senisy citiaed remming-xp ofthe facts 
reguring colosrecmation, espesally those facts wich 
iinve ther origin in the lnbortoc whece Hemboite 
{sl followed: and wh are thnrfors res mow gata to 
tho many of thn peyctologain. Heretir fon ecoount 
specially ofthe evident eloct ot faim of thn bok} 
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‘wll mot be pose foc the facta which plainly contradhet 
Sf to be utterly ignored In the schools where the Henng 
theory ia made a matter of miigiows fath. @ am 
personally pasticalarly glad to welcome so strong & 
efender of some of the doctrines which I have long bean. 


‘preaching}) 

Tn ander to obtain clearness of vision in the present 
wtuation ‘he vin sexoabons ts necessary 
‘to keep constaatly is und the sharp distmction between, 
the Helmboite theory and the Helmboltx fads—the 
facts which are eopposed to support it. The Helmbottz 
‘hoory has very properly long cxased to be an cxmtent 
‘thing in the mind of the peychologist, bot he bas too 
often made the sstake of throwing away the baby 
with the bath—the mass of facts whick have somved 
from the Hebmbolts Iaborataries are beld by har in ax 
dad odour as the theory wee. These facts group 
‘themselves, {o good part, about the socalled colour- 
trungle, and the extent to which it hus been of rooent 
yours posnble to ignore them is evidenced by the cxcum: 
tance that the very exutence of the coloar-triangle 
‘has been, 1 certain laboratones, practically forgotten. 
Bot thn 1s a great mustake; there ix n0 neoownty for 
jgooning these facta; st in pectectly poaible to concave 
of them ax compatible with the great discovery of Hering 
(redacovery rather—the fact was never doubted from 
the time of Leonardo da Vine! antl the coming in of 
the Young-Hetmboltz faliscy), namely, the tetm- 
chromatin ofthe visual tensations and the independence 
fof the sensation of whiteneas. It wat, of ours, expresly 
for the mle of taking accmnt of both these nets of facta, 
ssuppceed by thei respective defends to be lrrecovcilable 
‘with exch other, that T was forced, some time ago, to 
devise a diferent hypothesis—a conception which ‘not 
‘only takes chem both in, but which also accounts, at 
‘one bow, for the fundamental mystery of vision~the 
‘vanishing of the opposite colonr-paurs-—and for the fact 
‘that the developraent of the colocreense in by way of 
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a ule stage af blue end gale (the poor, unowned 
colour of the physicst ). (See Fig. 15) In other words, 
‘nt theory. the Development Theory, armonices. and 





called the three-tima tnangle of the three-receptor 
‘riangle—Fig. 7), telrachromatlam, complementaison, 
‘and colour development. My theary, m fact, smoceeds 
tm tang, te tat of Helmbots, « areal theory, 

the sasne tame that x5, kke that of Henng, a theory 
of teteachromatsim. The nssin value of Dr. Parsons! 
book hes 1n ate farable presentation of the three-etucsulas 
‘vow (which the followers of Henag are obliged to 
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ble of seng that the views which they uphold, 

7 bave bees aga and again whelly annihilated 
‘the other part. They may be aud to 
‘two forms of colour-blindmess, each incom 
to the other, where one set of defectives 
ly 
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no callage profesor, whether in phyocs, 1 physiology, 
of in payedology, can hereafter lecture to tun students 
on coloar wathoot being aware that this fatal volume 
say easly bein their hands. 

‘Dr, Panans profmacs to give in the fst and seoond 
‘arts of hls booic ax account of facts only, and to treat 
hooretical coosidarstions (together wath such facts 
‘ze closely bound up with theary) only in Part III. 
‘Tins is, of course, ax allosioe, The two theories which 
‘be has chietly an mind have each its own language, and 
‘0 008 cau write, or spenk, for Eve muouten on the subject 
of ealour withant givmg away Uatt be docs of does not 
Accept certain of the fundamental axumptoas of ope 
fr of the other. Thus the view of Hering that the 
tmbjective intensity of, oxy, a whitoh bluish green 1 due 
solely to the subjective inteanty of sts whitenese com- 
ponent, ether is or w not a part of the speaker's meotal 
furature. Ths cunoat view of Hemng's af, of courte, 
' consequence of is Baving adopted the bebel that 
the vanshing chroma-paure, my yellow and ble, 
tere antagonistic anstead of whiteconsttutive. The 
thromatic venattions certainly vamub, and whste appeare 
‘mthanr stead: that they vamah say, an the first instance, 
jont uo well be supposed to be due to ther bevng 
finnihilated each other (as for instance an oxidatoo 
fand a reduction would do) as to anything else, But 
‘whence comes the substratum of the emsation af wlate- 
‘ess which takes their place? Either wt s a rendval 
atte, lft behind, and prevent already wn the blue and 
the yaliow separately, or it as somethmg ‘which an con- 
stituted out of the procemes of the blue axd the yellow 
(Gast aa, f there happened to be present at ono wn acid 
‘and « base, a alt would be formed and the aon asd the 
base woold both disappear} The destruction view looks 
(goed enough, af Sst sight, for yellow and bive—alrendy 
1 exetes question for ced and green, because those 
colours are not white cosstitutive but yeliaw-canettative 
(its for this reson tbat the physicit—a lover of teith— 
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hag never been able to give @ moment's consideration 
to the Cheory of Hering) But the stein upon ont's 
overs of bee when ono i ested to think chat all the 
tenalty of, say, 2 wholly saturated red la due t0 the 
intensity of its whiteness component, when there is no 
reason fo appone Ghat it has any whiter componet 
whatever, w certainly very great. Dr. Parsons is of 
course aot capable of es gral for do 2 
only the fact that be cannot really, even 
{hak himself out ef tbe comionsense view 
Trightnasn w Drightoem, thet ecables 

hat he is aot commsed gsinet all 
Henn fom the bopising 

‘Dr. Partons's work exemplifies im a sinking degree 
‘vial I have elsewhere wasted upoa—that the hopelaas 
‘paste that ents reyardang colour would bein a great 
ensure obviated if wo were to edopt a more accurnte 
terminology." What T have propose is, ia part, Gat 
‘the term color, now hopelessly ambiguous, should be 
‘umd Fipwly i tat ne of txt prem sents ia whol 
A includes the achromatic sensations, and that for the 
tecaaton cf cour proper we abeik) nie the tcrm 
chromatic sensation, or, almply, chrome (pl. chromala). 
‘Woe should then have the termus chromatimty and achro- 








‘ic, but to be erythragenic, chlorogenic, lescogenic, 
ete They get thelr coloar caly after they bave beea 
passed thruagh the retinal receiving station —Tastead 
‘of “brightness” (made wholly ambiguous by Hering’s 
‘we af it) subzerive smoneity should, at least at jrmtent, 
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be med, or lnmnacty, ar eve, far the mn of freshness, 
the term of Haw, Lewpronty. 

‘Ao regards ‘he lero cfew, since langusge affords ua 
tae two tera uivcalour end tanachtonatlo—colont 
and chroma—of Lat and of Greek ongin, why should 
‘we not at once paricalarce ther meanmg? To rdser 
the meaning of superoous words ss t0 scize progress 
‘accuracy of speech and om thie cave acting could be 
simpler than to mse calowr regulacly in ita extended 
‘Beahing, and chrome for the sponte moaning, colour 
proper (as done ma vel le). There 20 colour theory 
heh does not jctede 2 duceamon of th achrowatx, 
Sensations. In oot an abeurty to cay, io the present 
Joowe meaning of the terms (ass constantly dona in Bis 
book), chat the sensations of the totally calor are 
momoclromahe? ‘The ght semitone of the. defective 
im question (and of the cormal individual under various 
pecal conditions) are of one colin only, at tue 
Ge quality of the spectrum i= white, in auch cases, 
taroughout 1a whole extent: ut they re not mono: 
Aromauo—oa cremate quaty sw percaved at all 
but only an echromate one. 

But the real serionmem of & dace 
czars in consenon mth the Avcusmon of the facto 
sch are raped Gagremmatically in the wo-aled 
"eplour”-trangle. These facts and ther mgoricance 
are given their proper ampertance 1 tis bool, bat they 
trould be far lam open to misconception ifthe language 
Ih which they are expremed were mace carefully uatded. 
AYo mention, preliminary, a minor erteem moon 
rnemon wath (hit top, © pity thatthe two triangles 
‘wiuch ure Tepreented im digroms (Pp. 39, 40) a 
‘ileceatly drawn about am ana ef symumetiy—this 
obicures ther meemblance to the cumary reader. Tn 
{ty the exlour triangle, na matter how if is lad dowa 
Uy the cigical experimenter, ought always to be drawn 
bout the yelow- Blueline ag « horizontal wis ofsyrametry 
(Fig. 28) this way i ne patent to the eye the gor 
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Me, te, 








(adopt the wse of capital letiers to wescate the exact, 
supe, umtary, chrome-senmisans, wale ed (eg) with 
‘seal letter, tay ail be used loowely, as an eal lf, 
{or sensation whach, Uscogh st way be ulghtly Mauch 
‘oF yellowash, a litle of colour”, still ban reiness for 
Ms predominant quality) The fact which Dr, Paroan 
aw bere referring 10m (if expreseed in the terms darned. 
‘by our present knowkdgn of plotochemstry) that the 
resonance carves which repeat the responte of the 
receptor eubrtancea of the visual apparatus to ght are 
‘Gren in nusber, that the actinty of the receptor 
apparatos can be expeemed asa function of three 
‘Varahes, and hat am aren which gives point-to-point 
‘representation to distinct famctons of rama is tnangular 
in sbape. Iu Fig. 260, the tanaguisr character of 
lightray mixtures a repoetented roughly ; in Fig. x88, 
the exact spectral curve ss reproduced. While tbe 
tape of this figure is timngulsr, aa representing the 
facts of "mutchng by runtures“, that the rel is 
Sie Mo So be ree tee 
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‘etrachrorais may te very simply but quits adagantaly 
‘eproented by the fosnld character of the stations 
{ce by four acted popes). T Bave called this the 
(qadciganinal Gut angst) clcar area—Ht omten 
{Bene dngrac the beloved colar fact of Heng oad 
filets (Qeadrgesina w mat tobe reiient 
‘ofthe crporequadrgomina) 

The trkancamonal Bgure, of which the a a cae 
sechen, = ually grea an 3 double Pram, bot that 
{2 total smvepresertaton of the Toul wale ef sng, 





y 


mak 


‘Thece 1s no rmon why the accompesyang achronustic 
proces and smaniion (fmesmt, aa ie now well known, 
1 tha cones lao together wath the ckrematee one) shuld 
‘at be represented. The correct diagram for thn hax 
‘een gives ia longtadinal section by Wendt3 and it 1» 
so inportant that I cpradoce it here (Fig 2) an the bape 
‘that it umy come to fae the place, a textbooks, of the 
ervoceous doable pyramid After objective ght has. 
reeched 4 corte flow) mimaity an achromatic (pre 
1 rape Pett ha, 50. 
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chromatic} sessation sets in, and ancreases fram b to 3, 
‘The ehrematle constituent of the tots! sensation begina 
‘bc snd talae the coarse <r. The dotted line mdicates 
‘he chromaticity of the complex sensatica—it reaches 
‘= maximum ats, and then approaches sco, Want 
‘has represeated the chromaticity ay diference; it sbould, 
nf cour, be a catio, but the pracple is the same. A 
‘eroapscction at any point of tbe sobd of which this 
2 the langitdinal section would give the colour triangle 
at a given intensity, 

Exactly cha same state of hungs as as depicted ya the 
colonr triangle is given again, by another method of 
epresentaban, sn the thre distribabon curves of 
Kfnig (Fig. ao). The fact that Dr. Pervons has searched 
‘well the Iterutare of colour i evidenced by his gving 
‘these curves in theur latest focm—that required by the 
freah determnation of the wotecsecting points (whuch 
are who the poms where change of objective mtaraity 
causes no change of coloa: tone} by F. Exner. Thee 
‘curves difler from the sumsler, quadruple, curves. of 
Henng, of course, 1 the crcsmetance that, while the 
latter are the pure work of the imagination, these are the 
result of the moat exact meumrements Thu diagram 
foaght to be adopted a the clamical representation of 
these facts. Franlan Stendke’s detsrmmation of the 
four points of maxmam ducrimisabulty for colour 
tone (gage 32) males them comade rather closely wath 
‘hese mntersectian powts. 

Tes an the side 2 G of the Helmbeltz oolour-trangle 
‘that 19 exhibited the character of colour vision which 
maker the Helmbholts caloar theory imposuble: while 
fon the other (wo sides light-ray mixtures ae simply 
‘omrelated with sessional colcer blends (the blur greens 
‘and the bhuereds}, ax the theory requires, on the tide 
BG what chould bo the rod-groms are coplaced by 
blends with an entrely new sensation, yellow. Thus 
‘tas to be scoosnted for withont giving wp (aa Hering does) 

Sued Wome Ana. 1002, ex 2a, 2 
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‘the abwolately establuhed laws of Kght-ray mistore, 
‘nu the fact that the sexaation eyetemt of the chromates 
fre unddimentiated forma of thooe of the ootmally 
‘noned. It is her, therefore, that it it absolutely 
necesmry to distinguish sharply between the visual 
‘sumel, with the disociatbon proceses which they prodace 
1 the Feceptoe substances ofthe vena, and the rerulting 
‘ecrt-exatabons which qgd im smmations. But the 
‘urjous thing that Dr, Parsons Purses, upoa oceatoa, 
perfectly aware ofthe neceaity for aating ths distction. 
Hie knows well, cod he explicitly states it in one good 
amaage, that the opeciic ight mdbations axe not yet 





spenie alse, and exatable eocteal (or subcurteal) 
rrve cells, “He anya that itu only na" broad" senna 
hat you can speate of object o of radiations, oF 
radaton-groupe, a¢ beng celours—be should say that 
is only in 2 popolar ang wholly ipacrurste seme that 
{You can speak of them as such; they are realy nothing but 
tc, cbjectsand sage, The oxfsion which i herevo fatal 
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‘wa ome, of eoue, to our pramiive ancestor, the naive 
‘Tealist. The situation », bowever, equally fatal to every 
form of realam, as has oft bess ponmted ovt. 10 
rmort of our iteress, both aceatSe and non-scientific, 
‘Hs ambiguity does not trouble us, but ocasioon may 
at any moment ance when (ain the present instance) 
1 fa of very great import. Oue should, therefore, even 
UE coe doen mot ut oncn vee tt for every day, have an 
Adequate temaincogy at hand fer thse cccasons when 
to dutinguish between seusation and the physical cormlate 
tf smnaabion is un ateokte maceanty. 

‘The very dhereditable sate of colon ucumioa which 
Ina been lept up for Sty years may then be eommed 
‘pp fn a word in the way. The theses maigtauned by 
{ie adbereats of the two Pal schools aze these: 

Bibs Hering 

""Trwdoomatign "ne fact, Tetrachromatsm io « fact 
These are erdectly two abeotately contradictory state- 
Seay ak Beth Ou fle th pI ak 

to tatertere, with (1) 2 reformed 
ay cal fe ieee wee ee 
subaticate fr the above to statements (it: 
The Development Theory 
‘Trirechorvom ia fact x08 tetrachromatacs 

1 fact, aod theo two fact axe roadie’ in the 

Sevelopnest ealoar Uhsory—stdend, hey emit 

tate IS gromndwock. 

To mproca, in a word, my oclour theory (le which 
Fig. 18 fers mnemacic support): a lghtacnstive 
aubstance in the visual elements (the rode}, am primitive 
{Srey when vapowrinden skies and planerogaame plants 
Aifordcd na chrumata to be see, sponded indiferently 
to all parts of the rectum: W, the man of 1009 
‘thrown off {photochemical reactious sre now supposed to 
‘bea form of ionisation), Dace & nerve-end excitant 19 
vwhuch wan attacked im the cortex the senuatlon of 


144 COLOUR AND COLOUR THEORIES 


Iighly diferentisted, and was capable of responding 
specifically to the warm ead and the cold ead of the 





whatenes nerveexctant, WW, oat of which they wane 
formed, after the analogy, for ssstence, of an ned nd 
‘a bate, which, being the comsttucats of a neutral salt, 
‘cannot (except in solutes} eust separately. Thus form 


fon af reponse to Iyhtmys.prondes “red” nerve 
eratents aad” green” nerveartants, bot, at bore, 

‘red-greenness fuses into the yellowness oud of which + was 
developed, whl tse Soe gens tnd he Dio res pert 
fy simple ehromablends. Az exact cberucal arulogy 
fer thirtoaton ean be given * 

1 wl be nes that theory ss bulk aboot the evident 
conavderation Gat the ack of the power to pareve tht 
Jellowash blues and the reddah greens of saturo—the 
@xunction of yellow-blue end of redgzeen anto white 
ad yullow ropecively—a a dad an the anal 
toechivam—un effet de act quae The beat thing 
that comld be done, gen 


t 





fs by that cirramitance pox corm Kiwi condemned. 


Vee Aer Bue of OPM, Ast Coir Tao” 
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Some critics which Dr. Parone makes of my colour 


i 
i 
t 
5 
t 
i 
‘ 
! 
iy 


Hi 
bi 
: 
I 
ine 


whch fais to take an both the threestamal: 
‘the tetrachromate one, Dende’ theory 14 xmch mort 
ke Henng’s than like mine, for x fundamental point 


‘aromatic sensation, but ti far from beang in all respects 
the aume sort of thing as the other unitary chromsta, 
‘any more than it is the same sort of thing as the product 
of the other light muxtures, the greeu-blue aod the blue- 
red chromm-blends For ane thmg, there are occasions 
(MeDougall when red and green Hight-ctimal: affects do. 
not fase completely, but give rapidly alteratmg, of 
posibly mmaltansocs, red and green sensations, In 
my theory the fuuon of the red aod the gree accve- 
cexeitants 1s u secondary phenomenon and there is no 
2 Jota tape Vaso Cote, 109, Sees, 100, Raper 
fStigan Coreen peop, tee aS ey oy 
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reason why, under certain conditions, it should not fail 
to take place—exactly (to retur to 2 perfect analogy) 
tus a volt in cchution ia now regarded as being alwaya 
partly in a state of dusociaton, [There seem to be sowae 
‘are individuals—ane case w that of w tramed scientific 
man whoeo observation aught to be trustworthy—who 
regularly see yellow as red and greea, and white as red 
‘end green and bint.) 

‘3. Henng’s explanation of simultaneons contrast 1s 
parely « verbal explanation. No one states more forcibly 
han Dr, Parsoos tbat theoretical explanations 15 regions 
where facts have not yet been completely made out are 
‘waste of fume. Simaltancous contrast over wade regions 28 
‘Posuily an electnesl phenomenon of some sort, attendant 
‘upon the mam evasts of nerve fiber exetation (a8 #ig+ 
ested by Troland). Tashure’s bniliant discovery of the 
merenved giving off of CO, danng the pesmye of a nerve 
current may be suggestive 9 ths consenon, and $0 my 
the mobjective vision of the nerve current in the 
nerve fibres of the retma ‘that remarkable fact 
which his had bait a dozen independent discoverers, 
‘Parkinje the frst, and which w still nevertheless almoet 
‘uninown. 


4. Dr, Parsons suggests the “addition” of a core 
of tundflerentated atoms to my aanimod Lght-senmtive 
molecule. Oze thinks of seiectrve dissociation by light 
snow, of courts, in terms af sidechans, or elsctremt, 
(of probably, by this time, in terms of magnétons attached 
to a residnil substance. But oven at the time I wrote 
my fit article on this mbject my amumed molecule 
Ihad already a“ care” for the support of te resonating 
attachments, a8 De. Pawors would mee if be were to lool 
‘at my original diagram, and im fact T expresaly mention 

(Pe mutah nm are snd Ge reddit Wow Bow, whlch T 
(toe tg dee tt mest ee ht by het 

TT} Biv a adap the god saptnstoe f contrat that a 
‘om mae ow by Freucirat che mar scree of matte 
Ip inte eyeal Zeby fF, IB, 8] 
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is importance. Bat the real newer to the 
‘objection here mtmuted (an objection which shows cxm- 
plete fallure to understand the Ubeary) is that (to repeat 
fn caxy analogy) if a walt were added to something £0 
a tert tube the eflect would be the same an i there were 
‘Added to it the achd and the base out of which the salt 
14 constituted. Te is, in fact, the theory of v. Kriea 
{oot mine) which is made impossible by the cireumatance 





2 Thewatrot es Appmnenothe nia tatlaon of Hams 
“Phpaaepcks Opts, vo a. 7p ASS pgm erry Hamm pee 
‘Sccy wl guided Ge than tye Cava ier ae 
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1, Tag Henccre Texory 

Helbaltx wis a grat peychologat as well 84 great 
mathematician, a great poysicht, and © grat pyc: 
logut.! Tf kun work were to ba beonght oct now fot the 
dist time tt woald undoubtedly be called Paychologial 
Optica matead of Physiologscal Optice—there us far 
faere of paychology im xt than there w of payaolegy, 
bund the payebology ix lor the mest pet) of aa extremely 
teats, ab wel ax of 2 Righly origstal ind. Organised 
(reacpnlosophical) paycholegy wes not defnstely 1m 
tmstence when Helmbolts begas tamu this book (£836) 
and he ia, very propery, regarded as one of the fist 
Investigutors 12 tha ld. ti, therlore, ome of the 
‘mott mexplcable of psychological occurrences that #0 
(Geak « saectis paid Bo attention watever to the fact 
Chat, while the arcesazy sim for all he eols in the 
spectrom (and is the word} can be secured by eppropnate 
amurtares of aay dvs wave-legibs, the dune, dflerent, 
Seneanons that teat are not three m number but Sve— 
Yellow and wiste are Just as god, just an mutary, lights 
fensatious as are rod and gro aod Blae* The things 
to be accounted for, then, im a theory of the vioel 
sensations are, isthe order of ther pylagenete develop- 
ment, & primuiive achromatic seasation, the dull whites, 
and four chromatic sensahons, Grst yellow and blue 
(the bees) and thes red and green ia sédition (normal 
‘etrachromate vasion); it mony, therefore, be mud that 
the Young Helxbottz thary io at moet three Siths of 
4 colour theary-—it recognizes the existence of three 
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cout of five of the actusl sensations, Bat algo i€ takes 
130 account of why the chromate + are Geveloped in thas 
pecullar way in pairs: first yee and bine (althongh 
{alow does not exist in thia throry)—lattr ted and green. 
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soooemtal theories of complicated occurrences in axtare 
are not only Satelectually satfying bat lio most 


‘used the word “colour” an sts primitive, 
‘objective, sense ia ngular in Use extreme ; two muccemsive 
Sections of hus book ace callad Dit sinfachox Ferlen 





Up & seusttion of this or that ealosr .. 
the object are nothing but = disposition to raflact thus 
or that sort of raya more copiously than the rest." 
Moreover, it is to be nated thst in the original theory 
cof Thomas Young it was the physiological dificalty 
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x crytaline pith of the cxpillammnte which pare or 
face the rebna”—that Jed him fo sabstttate + three 
part mechaniam, wth an ourlapping invasion 
for the intermediate Dluegrems, cfc Une 
foerionably, Thomas Young would never have called 
‘dt hypothiis of hia (a mised aumberof cnnstaente- 
Inypothexs} a Pickromae theory, nor (what is 0 smpeove 
ment) a "tiple serve-excitation theory. 
efor al hese purely prycological reasons that the 
paychologats bave never besa able to regard the colour 
theory of Helmholtz ws deserving of various consideration. 
{The fact that Helmholts gave so peysologial explana. 
‘ton of what v, Koer* bus lately furwhed « ronch- 
needed name for, namely, the "acceucry " visoal 
Phenomena, at of far lean consequence ; the recent 
Envi of Frobich, eg that contrast x suoply an efer- 
rage of teattered ght, would St into any hypotheas 
epurding the fundamental proces of the colonr-sema- 
tionk.) In fac, Profesor Cattell has aad of this theory 
{um the review azeady quoted trom) that "if ware tobe 
proposed at this tame (:698) it wonld not have a single 
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adherent." Wiliam James sid that Helmboltz 4, 
in the actence af calost, mace eminent for hus expen- 
‘ental wark than for in theoretical contnivations Bat 
A bas heen pomated out, oa the other band, that the 
‘Phynnlogiache Oph wan the work of Inn younger dayn? 
In any case the phyzicsts ought surely to tke noton of 
‘he fact that the peychologsts, who afe experts i 
aqsechons af soncanom, find that the Hebaholt theory 
if wholly madoquate, 

1, Tux Hnynoure-Kome Facts oF Cotoun- 

‘Sexsarion 

But however inadequate the Helmbolts theory may be 
for expauning the characters of the chromatic sensations 
however certass st may be (2) hat vaton a tetra. 
hromatc, (2) that rt has madergane a remarkable and 
' perfectly well rade out course of development, namely 
fa} white, (o) yellow and Dian in addition, which 
however revert to white, and (¢) the edésten again 
af red and green, which revert, whea mixes, to yellon— 
ieveetheless the result ofthe great work carried out in the 
Helmholtz laboratory by Kong and bis avsistants is 
plain matter of fact.” It indeed the most fandamental 
‘al the facts regarding the calour-procentes. However, 
2 i wot a fact regarding the sewsations of colour, but 
only regarding the usta, photo-chemweal process which 
‘arte up conditions raeltzng Sally mn smstion. Colour 
‘non 1 net éiclvomaite, Dat t starts Up (in the cone) 
‘with an until " tn-mceptor ” photo cheeseal proc 

‘The dutnbstion-curver of the (four) chromatic wnsa- 
‘uons which repreomt the Geory of Hering 270 all porely 
‘he work of the msagsnation, and sa are the Ser tentative 


1m the books}. But the mtaation is very different when 


51h enti ot mn (Somme Proas) nin ont that Hidmbaltn 
erm the vcoed ei of ha wee only eechiy Der Ra eh 
[Til ere tet, ot ome, be wm mek at the tne my me 
(atgr. Ho could Mealy ive cabrtaen fo Torx aa Wad DO, 
eal pag op he colon Chery weed Rave reed) 
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i comes ta the later curves, which represent what I 
say call the Helmbolts facts. These carves are drawa 
{in accordance with the reenlts af a vast numberof obarxva- 
luoos im the gume of “matching by mixtures" —the 
demonstration, by the eye, that all the colours of the 

‘can be matched by physical mixtures of red, 
aad biae lights Whea onehalf of the feld of 
of the great Helmboltz Instrument for mixing 

ight ‘frequencies, the Farbewmaschapparal, 22 
th combination of two different lights and the 

th a bomogeceons Nght, ox 8 diflerent light 
‘or white kight, and if the propertoos and the 
of the several canshtoents are waned ust 
halldtelds are Indwtinguubable, we are said 
to bave before ms a colour-equstion.’ The remlts of 


iy 


iit 


& 
3 


st was only after the incorporatian into this wart by 
‘Keénig ofthe results of the equations made by the partially 
chramabiind that it acquired its prevent ummense 


signigoanee. 

“Thus tnangle should alweys be drawn with the yellow- 
whuteblos lise & fondamental (that os, 2 horzantal) 
Ime, at reprasenting the fact that the yellow and blun 
system of sensations (tbat of the commen form of partial 
enlour-bindaeas, of the gocmal amin mid-penphery, 





by mixture, the choice was a difficult one for green 
"The uatroment peomde sie for oe Uomng of means 
geist wis hgh ogo tie Sat lee” Lngrored 
Ss bes ee ae ee getty an 
Smitverscnasenoy cad 
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deterained. ‘names for these curves and for 
‘those which later replaced them, “ Elementaremp- 
Srdongen” and mace who 


‘unit xverkengths, 
toch thatthe entire spectruc as aeea by the three Cae 
of ndivdual (the aaron! ac the two types of detectives) 
fan be bit up ost of like amounts of two or three of 
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‘he colours thas fad opoc are (1) & ad Jee yellowish 
than that of the spectrum, (2} green of aboct Sosae, 
Ga bloe of abost «7ayye To repeat constantiy that 
“"mese stlmelt corespond quite closely with three of 
the femdamentel ypiclogeal primerne of Hiag” 
{Cotirwncry Report, xga0-2) te to commut « md errr, 
The Urfoles of Heng we complementary colours 
and therfore coamot De the saat asthe colour 
of tae Kong curves Konig and Hering both ave 
pececly expht on thus pint (Rfdges asch, 2), 44, 
ity, and, 42s. 1850). The Sav act of Kong eizves 
roves amply tt three mul are anough ta vepeoduce 
{the solaan of the spectrem—they do aat iow that 
the dctual constuents of normal vasea may nol be 
more sn number, But the extracrdmary Grceaatence 
{hat when vision is dchromatis the set of two co0- 
stituents (of two very different types) coincide respectively 
tothe ar the other paar ofthe ee normal consttucats 
‘he Bie and the red or the bive and the een, # a fact 
‘that can only be azcounted for by admitting thal te bave 
dere covered the actual lated aundber of constitsents 
‘of the wiklemess of the coloer-sensatwns. (It 1s this 
fowocaurence of either the "red" at the "green" 
diomvaion curva that bat made i almost smpouable 
for the phymesst to admut the fact that wn the cate of 
_undaveoped, second tage, van it the mare primitive 
Yellow that the defective sews snstead of ether ed Or 
{Been} Ih other words, the eclousytems of the two 
{ype of chroma-blndoess ace" redoction systema” 
(Qos adzarable term 19 dae to ¥. Kes}? Another way 
of stating the fact here snvolved thas” x3 the eolout- 
‘rangle all posts om nes drawn through te vertices 

* owt Kw 8 do ct mt ey the at hang by tt 
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R and G will represent colours which look allke to the 
‘nfectwve concerned, and their quality wil be that of the 
‘whutlah yellow (or Hlus) paint in which the line cuts the 
fundamental ¥-W-B line of the trangle, The continied 
use of the term “"coafusion colour” abows great 
‘gnoreace of 3B thece wellatabliched facts of colour 
‘Vion. To aay that (Colonmeiry Report, 1930-1, P. $53) 

“the resales cannot be regarded as euficently' final t0 
{nutty thr edopton in place of & mesmally struight- 
‘forward [] representatsan ofthe facta of colour mixture", 
and to reprodace Kénug’s crude, tentative, curves (loc. ct, 
‘p- 288), is to have misued thas pomt altogether. Tha curves 
‘muy be changed by futare more exact methods, but the 
mportant thing 19 that they will both (aormal and 
defective) be changed together, 20 thet the comodence 
‘wil aot be lost, 

‘When it was decided to make the fret editian of the 
Physrologucke Ophh anstead of the second the busin of 
{he third edition (909-10), the editors automatically 
Inft out all of thus very smportant work of Kong's ut 
the determination of the ditnbutoo-curves. Many of 
the theorsica views of Kémg were of such a nature as not 
to be confirmed by future results—as hus behef that the 
cones have merely a diopteic function and that the 
‘Photo-chermcal process starts (for the chromate) in the 
patbeliom calle, (It ss plas that these large cet would 
ave none of the minute spacespecifcsty which is 
provided for wn the cones) But that st mo reason for not 
Fecogmnng the fact tat tus experimedal work i 
fundamental n the knghest degree. He great paper ewing 
tha complete account of thus work cha act appear unt 
after the death of Helmbalts (1896; reproduced an 
Athandbenges, pp. 214-322), but ins final results had 
tbeen very fully. publubed, and they wee exprestly 
sncorporated by Heimholtz hursalf wx the seeond edition! 

1 Up to page 00 th adtaen fhe wei of Haim ny ow 
‘nag teprnty water ta en fennel, te econ ft werk a 
amg mrvea magne 35735 
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‘To have published an edition of Halmbolts ith aD chip 
Jet out was very much Hike fening the play of 
‘Shakespeare without the pert of Hamlet, I therefore 
ive on the opposite page the criginal Giogram of Kénig 
(oe. st, p 310), never before reproduced, att happen, 


‘curves (Konig and Dueterc) and those of two each of the 
‘two common types af dichromatic vinen (yellow 206 bln, 
{both cases, at senantions). 

TIL, Tue Devezorscent Tasoay oF Tax Cotoux- 

‘Sensaz0Ns * 

Ttcaa never be known belorehand what aces of» highly 
‘complicated {and appareatly contradictory) collation af 
fucts wil be the ones to throw light upon the whole 
demldenng wabject—to suggeet x theory which wall 
reconcile the facts in question and fuse them snto one all- 
‘embracing conceptoa. In 2693-2, when 1 had the good 
fortune to baww meceuive semester in the laboratories 
of G, B. Miller end Konig, und 9 a consequeece to have 
the Helmbolts and! the Henny points of view both very 

‘warm ” in my consoumess, I found the antagonist: 
states of mind produced by theoe two absolutely incam- 
patible arrays of facts to be very irksome. Tt wat (as T 
‘state my first paper on the subject, Affud, N.S. ii, 1899) 
‘hala T was engaged in writing an article to thow that a 
certain theory by Donders was better than that of 
Hebabolts or of Hering, that it suddenly dawned upon 
‘oe that «far better theory sti] was posible, The theery 
fof Denders docs nothang towands reconaling the views 
tf Helmboltz and of Hering : but (the converse of the 
position of v. Kries) st does at Yeast recognize the fact 
that of vision fa tetrachromatic m the retina, it must, to 
‘ake account of the Helatboltz argument, become in some 
‘way " trichromatic” in the cortex. Bat this admission 


2 Zetec ad, rt ari gt er, 
roots ie Lane 
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does pot constitate a Duary of the fact. All theorins of 
colour (with the exception of the one which I have 
}) fall into one or the other of two clanes— 





Bedcke, Aubert, Hering), and to expla at the same tane 
‘hose angular phancimana, the revernon of the xed. greant 
to yellow and of the yellow-blues to white. 

‘the theory thus indicated may be described in the 
following terms. It 1 assumed that thers is a hgbt- 
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of the primitive scaaton of whiteness, Ia the came, i 
‘he next higher stage of development of the colour see 
(fhe yellow and bse wisiea of tbe bers, that of 
puctally chrome-tlind ssaimdoal, end of oar ows 
nd-periphery), this mame Ughteenstive robstance Da 
‘becomn, by 2 simple molecular rearrangement, sors 
sheen scorn to ight, an in mach € ay that the 
‘tro ence of the mpectrum act separately to produce move 
fexctant subetanoe wluch, Dowever, whi they are 
produced ‘both at once, unite chemically ta form the 
"white" mecvo-encitant out of winch thay wets 
veloped. Inthe thard and Gsal rage the " yellow” 
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‘The wccumory phmomens of colour are alo given 
1s perfectly simple und satisfectory explanation in this 
‘theory. 

‘Em not necessary to discum here the thoory of 
‘Prafesoe Hering; in tdition to all it other dificuties 
it in abwolutely incompatible wath the Heimhotts tact 
of the trireceptor process and commequently it as, 
‘aturaly, never appealed to the phywicsts. There is no 
‘cecaston for cousdermg (09 dors Parvo) at great length 
fll the minor merits and deroerite of the Helmbolts and 
Hering theanes, The mtuabon i simply that Henng 
confutca Helmbolte and Kelmbolts contutes Hering. 

‘Belore the trme of Lavorner, when chemistry waa not 
yet m existence, the alchemists maght by chance bave 
“covered that ox patting hydrogen and chlocms together 
mu tast-tuby, under osrtain condibons both of these 
swubstances disappear and bydroeblone acid talc their 
place, Bemg not yet chemosta, thay might have explaned 
{his expersment in this way: they might bave aud 
““Hiydrogea and chlorme are x naturally antagonstve 
‘Pur of elements—when they are put together sn. teat 
‘tube thay both vazua, and a hydrochlone ueid which was, 
‘there all the time takes ther place, This would be 
analogous to the Neng explanation of the fundamental 
event in colour. But mince chemistry does now exit, it 
‘would be a pty not to take advantage of its eflectivmmest 
Tor expluzing dusppearances and appaartoces 

‘The ammptions which I make (representing the 
peyehologal actaaltis) have been confirmed i a 
Femarkable manner. (1) That the canes aze anaiomécally 
‘more taghiy developed rods baa now been put beyond 
question by Ramon y Caja) It i natural, therefore, 
4o thmk thot the hght-sensinve sobstance which they 
contain bas alo undergone development, snd tht, too, 
1 the direction of greater specficty. (c) But following 
‘upon the discovary of Weigest (the photochlondes) 
that « specific lightsenstive substance ceed not show 
‘oloar to the buen eye, Hecht bas proved that that 1m 
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ha cones actualy ithe sma nstonce as that in the rode, 
save that if bes undecgooe = “molecular rearrange: 
"the very phrase that Tam in the habit of axing 
to characterue the change m tbe calour-molerale made 
necessary by the faycholagica! considerations (the same 
final whteneseacanation im the cones as in the rods, 
Gough dae to « Shree part mechan). (g) Moreover, 
nothing could be sampler, chemically, shan thie seat. 
1 fact (09 Dr. Acree ba pousted oat to ze) there 13 
pettect analogy for in a certain dyo-rafl, a rsnnline 
‘arboxylate (50 longer i practcal use because t a been 
tuperseded by other len lable dye). Thi i a sbetance 
uch that (uBder proper conditions of light, heat, and 
moisture), (@) bycroge, chlorme, and ethyl alochol 
fan either ane of them ‘be ghren off separately; but 
(@ when hydrogen and chlocme axe gveen off together, 
‘hey unite to form hydrochloric acid (anwogue of the 
yellows); (2) when thy! aleabol and adher hydrogen 
or ehrine are given off they do not umite—they pernat 
ta roture (azalogue of the bive-greens and the blan- 
eda); (é) when all thee of these fubetances are given 
al at coce thay unite to form ethyl chlonde (asdlogue 
of the three-part leucogemse cerve-excitant the cones). 
In other words, the ethy! alcoho! set free does aot unite 
‘with elther the hydrogen or the eMlonse until afte thay 
Ihave frst ited with each other, exactly as 2 “blue ” 
conatitaent in the retma does not chemically cite with 
ever a "red" or a green "consttvent unless hey have 
first united with euch other to make yellow. Nothing 
could be more perfectly analogous to what i regia 
{or the phenomena of coloer vsicn 
in conclusion it mast be kept 12 mind that ao theory 
of colouragnsation is desernng of coonderhios which 
not built upon, at ome () the fact. discovered 
‘by "Thomas Young (and magnisoently coated in 
‘the laboratory of Heimbolts}—thst thres lighttimall 
sre sufficient, a8 © phyacal canoe, to start up the 
fetus] photochemcal proceeses; fa) the epperently 
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contradictory fact that neverthelase the sensations are fot 
‘in mumber—pellow aud white bave been somehow added 
() the wary aminating fect that the order of dzelop- 
‘wont of the colour sense can be made to account fully 
for this anamaly and elie for (4) the disappearance uf 
the redgreens (and of the ‘yellow-bives) and the 
“appourunce in their steed of yellow (end of white). Any 
[propaoed theary should be anbjected to the tact? Doot 
it meet all of these “minlmal reqoirements?” (See 
Journ, Of. Soe. Amer., chen, Vi, Pp. 66-8) 
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PRACTICAL LOGIC AND COLOUR THEORIES 


Om & Drcussiox or mae Laop-Paaxzin 
‘Tazory 


“THE percholgist, when they disco reuomng ato 
(end some of them hardly give t passing mention), 
{ike the grouzd thet the kind of reasonung that interests 
them i eomething very different from the cut and died 
formalz of the logiclan, The reason for this quarrel 
between two bososrable breaches of scence is simply, 
of course, that the paychelogst has the inveterate habet 
of sackuding im ns term rewsoning the ootsch far what [ 
Ihave called (a teehzzcal term) the” adequate " premlsoa— 
‘which io half the batt, to be sure, whan one is engaged 
in thinking out & solution to mal diiealtien, Toe pare 
logician, on the other bxnd, cares nothing for this 

of the matter—be is concerned ouly with the validity of 
structures of premises. I propose to usa the term pratt 
Joie, in 6 teckel seu, far the poycbologis's loge, and 
to cal that ofthe logician theoretical logic, or pure logic, 
‘Thos simple device of giving two names to two diffrent 
things ought to have the effect of modifying the con 
‘exmptuous terms in which the prychologits wometines 
<dacass the logieans. 

‘Why shon!d not the scientist, whom constant ooo 
pation is practical reasoning, devote some time, now 
And theo, fo polithing up the tools of bit trade?” Why 
should he not make a special study, when oocanon offers, 
of the great quegmies of bed reasoning that, in various 
fields, ln behind ium ? And xin exactly the paychologut 
‘who will have the best material for this study. It ani 
‘to may that there has never bees a subject of scientific 
research that bas offered sach a good field for studies 
ofthis kind as does the subject of caloar-sensation. Both, 

ies 
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the old theonet end the new—both the current theories 
sod fhe non-curreat—are-nch im not oaly comaaon eOe8 
of loge but far mare, of course, £2 une aguinst the 
fundameotal peincples (axioms, a= G. E. Mller calls 
them) of the neuropayctuc correlation, “And as it 14 
instances of bad grammar that we choose in onda to 
teach the avordance of errors of speech, 20 it i the Tub 
taken theones of colour which have high pedagogial 
value so sharpening up the ma of the intending reanoner. 
‘Aa a oxatter of fact, moreover, it w some of the latest 
eh the socilled theories which am quite the Bost 
Dedagogially; they will 2 general have been devised 
‘with lmowlndge of the most recext ideas in. phyocs, 
phyncal chemstry and physiclogy—all indispensable 
fo the inowledee of colar tiough ne scent —and 
Ger temo in thoin plasest of methodolopiel ea0- 
‘uderations which govera the making of theones n genera 
‘and of paychologeal ¢heonan 10 particalar wll be found 
‘0 be all the more cunous and atnkang 

‘Asn general praxaple, whoever notices ome one of the 
fnnumerable effects of p:yocal ght that bas oct yet been 
rade the besit of a coloar theory smmecdietely utizes 
At a8 toch, quite igoonng the Bane anarmaly of coloie 
feoration-the exteace of the vamsing” ooloae 
posrs--the fact that ofthe ax posslbie dual colour blends, 
the bide greens, etc, there are two, the yellow-blaes 
‘and the red-greens, which have never bean experienced, 
tind that m consequence (so dflerent from what we have 
sa taste) no tertiary bleods and no quatarzary blend have 
‘ever been sensed 

“Thornes which do not mvoive some hypothens foc the 
explaination of ths curious circumstance am from the 
pegmmng neghgbie, asd of this character are 
unfortunately most ofthe calour theories of which Engst 
‘Physical scence has lately been vo proba” Another sass 
2 Datu tno bn foe ha Froese 
(rn ane Pc) oe aso bp al 8 
Echs town toe ibesy cto 
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of negigfbie colour theories fs that of the euthors whe 
{ail te have sotiond that wale red und grons are (ike 
yellow and bine) a dssappearing colour par, they are not 
‘white-consituirve bot yellow-constitutive;' ths may be, 
from the pamt of view of logeo-aathetics, « maiortune, 
‘but tu, nevertbekas, w fact, and there are many theories 
‘that are vitated by igeanng st. The theory of Helmballa 
{alls of cours, ito the first of these catagories, that of 
Hering unto the second. The latest of theotieo—that of 
Frebheh, whose Dnlliant discovery af the oscillatory 
character of the nerve impulse the optic nerve of the 
Cephalopod led one to expect much from an aznounced 
coloar-senssiion theory—euflers, at the beginning, from 
‘tha defect that it adopts the exroneous view of Hering 
that red and greea are complementary (white-con- 
stututrva) colour 

‘As, inalung a study of the proposed new international 
anoolinry language (Filfsprache) Ido, you mill have x keen 
intellectual phason seamg how apparently sasuperuble 
ficulties an the way of aumpliication have Been over- 
come by the Delegation ” of clever language lopcant 
appounted by the Tatemational Congress of Pialosophy 
‘of 3900, so studying the ma of colour Uheores which 
have receved, and are sll receiving, solemn conmdernt00 
at the hands ofthe entic, you will hve a keen inteUectoa) 
phase ia noting what remarkable vageren tbe mud of 
sceentiic man bas tow and thea bec capable of. 

‘Delore taking up a discussca of the Joye of colous, I 
‘must remind my reader ef the very essential reforzns in 
‘exlour terminology winch T bave been urgently recom- 
amending ance 1915, and whack the Optoal Socisty of 
‘Amerea seems cow to be talng up. Half the battle, 
4 taking mo the ideas regardzsg colour which are 
necesutated by modem Knowledge of colour—amther 
Helmbolts nor Hering Imew the truth regarding, for 
‘stance, the development af the colour onnse—consints 
fn expreating those facts not m the pramtve language af 
‘an eatlier day but in precise, seaific terms. 
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[Nat only do I insist spon egnitiy ealng the tems 
chrumatic and schroratic for tho ype or tenn (athe 
‘Gemmans any) cour amaations and forthe nomapeise, 
once ones, repectively—anest weiter, foowing 
‘Wondt, do this almaiy ; bot Tlie have boldly proposed 
the tie of the shorter expressions chrora, schema, 0 
‘the coreponding senna Zt allows that the viton ofthe 
totaly chronabhnd sect monochromatic | but 
chromate. ‘The plyaicatsheald pei of bomagentoun, 
‘of monochrome, ight rage, when they ee (ot Dey 
nearly alweys ure) a dual colour blead, blue-green, etc, 
‘An wuact toascreaaise yellow ty happen ot the 
ther tand to come fram the mixtere of» oop of very 
‘on hamogencons ight 

‘rors chrowa and ackrome follow at once, of cour, 
chromaticity and achromaticty, which are fey better 
‘wocda ther saturaion and noweateraben.  Saturebon 
‘with what? A blue-green might be suturated with bhoe- 
fem or with gromoe; other things can be elicited 
‘oth sweetnet the word lacks the apeuic menningn 
‘that are conveyed by chromaticity and achramaticity. 
‘As, inthe case Of «arts of oe pen, we apea of the 
degre of baeness 24 of the degree of greenoan, 0 ce 
we axprom the degree of chrome and ef achroma by the 
eran chromatesty nnd achrometety. The fen toe of 
the term chrom wl erve that terbly ambiguous word 
tolour to be uoed im clone seam. To the agrold 
fquertion, then,” Are black and white colcars © the 
smer "Yo". 

Te i bard to fly dambuse the mind ofthe den that 
external objects ate coloured. Colour aren oaly alter 
specific light-rays have effected ther alchemy of the 
‘Tetuna (and not always then). Instead of red, yellow, etc., 
‘when one means the specéc light-ray combinations, ont 
should call them exythrogenic, xanthogenic, chlocogenic, 
‘cyanogeme and leucogenic. How could chemistry have 

“esther cane me a 
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sever reached its present stage of development sf chemuts 
‘bad balked et bard zarses? 

‘The terest unitary colour and colour-blend explain 
themselves, aad they sre indupecsable, A unitary red 
athe aume thing 28 a red which isa paychologeal element, 
‘but that a given red is ueitber binish mar groenish 1s 
primary, dorect deliverance of consciousceat—that It is 
element contains the addition of theory. Both terms 
fare needod, but uaitary cones fist. Max Meyer uses the 
‘words tmpudar colour sod dual coloaralsa good and 
fagaificant terms, But at at only of purely chromanc 
‘ends that we can sey that they are dual only—a grmy- 
‘greeo-blos if a quadraple colour blend. To the ageold 
question, then, "How many dierent chromatic wmantions 
are there m the rainbow (or wm the world) ?“ the answer 
a “Four”. The fatal confunon snvolved in the m- 
eradicably ‘wrong ute (ence Hering) of the terms 
Inmainosity and bnghisem I have civcomed eliewhere 
‘The lately propoted term "“Debasce " merely makes 











three rotons —the payctueal, the intracorporet, and the 
extracorporeal. Colour phenomens, Like other phenomens 
of the conscious organism, include in the first place the 
‘phyacal, nthe ast placa the peycical, and in the middla 
lace the phyxoiogical. For the two "syuapoea”” (if 
so may ube thin word in coatuphrical soae) which 
constlcute the transition points Detween, reapectively, 
‘hae thse regions, we med toa namee, tnd wa dl 
lao have need occastonally for aterm expressing the foal, 
1noe-diect connexion between the extracorporeal physical 
sand the paychical. T maggest, io the interest of precision, 
‘the ase of the term peycho-pbysical paraleinm for this 
lutter sense (better wil would. be parhape physico. 
‘peychic parallelins) im which “ physical” in alowed 20 
Ihave the technical sense of extracorporeal physical 
For the sense in. which peychopbyscal partlali ix 


2 Went epinty me hater eee 
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‘umsally used, and for which many wnters have already 
mubstituted | the better term peychoshysiological 
‘parallcuem, 1 propose to say, since Iti, fact, only the 


all then kave the word payacophynologial for the 
‘sonnenon between, €g. the physical byhtceye and the 
Phyxclogica (in the frst place the retunel) processes 
‘which they exate, Tue restricted use of the term physucal 
bas perfectly good precedent : we do not think of the 
‘ phyncist " as bang engaged inthe study of physilogy, 
asa whole spite of the fact that the dividing Line 
‘between physics and some parts of plyaiology has become. 


vary narrow. 

Tam now able to point out that the peycbopbysical 

 pacallesm, 2 conscious beings in & very dierent 
‘hing n the ditierest ense regons. Te hold, for watance, 
1m the sense of taste; for the diferent txsteguala we 
Juave chemical abetances which are capable of stimulating 
‘the éxflerent sense organs on the tongue, What could be 
sumpler? No “ theory ” of the taste-sense us requwed, 
lor has ever been proposed. For the temperature sense the 
‘stuaton 1 the mume—there axe diferent smue organs 
{ox the diferent sensations, heat and cold. In eound also 
‘the phyncal tamalus—an ordered seres of vibrations of 
diferent frequencieo—runs parallel to an ordered veres 
‘of toum of diferent pitch, There are no mortures of thee 
Arequencies which give you a uansching seasaton—all 
‘Posuible mistures are recogmzed as tonal blends. 

‘But the plulosophera quite forget the sobject of colour 
when they vartoaly regard at as coming alto under the 
head of » paychophysical paraliehem (1 the strc sease 
cof the term). Note what becomes ofthe parailehis hare, 
A single sensation, say, 2 grcy-green-bint, can be exceed 
tty a thousand different combinations of elecroanagnetis 
ridmbone—by a cullen, rather—aod owtain pairs of 
‘vibrations (wbat ought to give yoo, for instance, « blos- 
‘Vellow) vanub, as sach, aod give you s whsteess instead. 
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1 mas i when you struck a @ and a g on the piano 
together, you hestd peter of these noes, Dut gor ® 
Semation of plas aoespecioe noose aateed. Than at 
‘ist mip be aed « septal perpen 
‘topey-turvyness, rather than a peychophysical 
fpenlldaca, What todo” It seaain or the Phynolopat 
(but especially the student of photochemistry) to 
‘Mop in and to Sod cot what can be denn in the Woy 
of Bidping this ad chasm. Asa matter of fact, our know 
ledge of tis whol station i wich, a the present tme, 
that, by wad of the one simple hype which fete 
‘the basis of my theory—that of a hght-sensitive substance: 
‘wich indeegoes devsiopaent rom a sampler form #0 8 
Imore complex fors-—we can make the whole situation 
Imuly comprebenabe. And the evolution oft chemical 
subatanee it not a fardetched eonoeptn ; we Lave 
an the very organs which contain this light-sensitive 
wubstance, an mstanog of strectural evolaton, That the 
cones are mare highly developed rods was a consttuent 
part of my theory from the begnrung*. st bas since been 
farmed frm hypothe o fact by the work of Remon y 
Cajal, Temay be mentioned m pasting that there st 20 
cccasion for mpecuating about fhe ngnifcance of rode 
‘hepe und cone hope (nes Mr roland, wt sxne agi) 
{ort has bcea toads oat by Pues thatthe one deffnence 
‘haraler between them that ae Been preserved 
‘hroughout the amumal” Kingdom anon ths wmal 
‘lments cute m) 1 mraply the character of the eoanetaot 
‘with the second nearon-~the reds ve x knob ike ending, 
{he coum have a dendsite ending. Tn ago" I mid that 
these orguns ought not to be called rode and cooes (the 
conms are not even cone-shaped i the fovea), but that 
Shey sould ‘Tether be. named foo” thee chit 
tharecteatico—inob-ended “and. Sngereaded organ 


3 Mr Troard propome fo “expplemest ” my sbtery “hy the 
sarrepeon of a2 probes foe rope for Oma! Tae, 
FER cane 
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‘This peevision of mine as now (0. Gragf's Handi der 
Asgonbaitande) been, contumed by Profesor Potter, 
‘Tin greater specificity of connexion ia the cones, of course, 
suggests 9 greater specificity in the character of the nerve. 
‘uupalae, but oup cannot say whether ths has sigaicance 
‘of not. There & another thing that would he mentioned 
thera the synapses between the bipalaroxll nd the third 


‘be connected with azything conveyed up trom the retina, 


¥, Kiion mys that 1 do not explain way rod-whltenens aad 
cone-whitmnees look alike, But in this be overlooks one 
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of the mnin characteristics of my theary—act only do 
Wott ne of the pata things at 


i 
f 


recognized. 

"The theo of Hebe end of Hiring bave been 92 
folly discued by the peyehologsts thot ther several 
lnadequacie are now well Kawa. Me, roland mayo 
(Am. Jour. Physiol. Opses, Am. Optical Coy, pp. 6-5, 
191g)! "The srentséc value of the Hebmholt theory 
ithe poste amon neue it erp oxy 
‘the most rudimentary of the phenomena of visual 
‘seamation ; and that of Hering. in sts paeudo-chemical, 
Phrysiclogcal, and paychalogical axpocts is guilty of all 
‘manner of offence against fact and reason.” Bayhse 
‘mnie short work of Hering: the éumpposrance of the 
‘two vanishing colour pairs canaot be accomted for by 
‘proceues of wsuizilation ang dlmmailrtion, for there i 
fathing to prevent thove procases from going on xn ane 
{est-tube (cr cone) atthe same time. Thi is a3 azgument 
‘hat Ihave nysa ted against the Hering concept for 
‘a long time (" Professor Muller's Theory of the Light- 

* Pryehol. Rev, wg). Parsoas anys that Tam 
‘very aevee ofthe theanes of Helmbits and Hering? 
‘T can only say in reply, m the words of « clever medical 
Acie that Thave fort been reading," ICT ext be mere 
severe, T woald be.” 

Tt, an T have akeady suid, it st some of the most 
eenttheores of colour that present the most instractive 
intancen of ine againit fomdamental methodological 
‘eincaples, Of particlar terest inthis way are the caloar 
theones of Mr. Troland. Theve thaeica are imacanosly 
‘interesting from the pedagogical paint of view, a8 showing 
what vagaries the mind of s clever aientit is capable of 
‘when it goes acolonr heating 

Tria well Koown that Mr. Trland bes a wonderfully 
fertile mind ia the coustruction of theacea. His ginal 
theory of cerweconduction (hat of 2925) wil be found 
reproduced st length in PAysiological Reviews of x92 
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Bot his present theory of zerve conduction ia a very 
diferent cno—in it be agrees with the views of 
Professor Lille, bat onlyas those views were developed up 
‘to-zorx (Lille). This later theory (what Mr. Troland calls 
“oar theary "is vmy fully set forth in the Peycholgacal 
Review of last year. 

‘Tha cartier theary (of 1915) I find of very great interont 
from the * pedagogical” point af view. In thus theory of 
{x91 (what he calls a “ defimte chemical hypothons} 
the follows the lines of Hering—there are assumed four 
<Gostinct chemzal process to account (or the foar dutinct 
chromatic sensations and 2 Gfth lo account for the 


non-stimulated condition of the cortex) Bot these 
‘are not antagonist, mor revertble, af in the 


obligingly, by the aucleas of this wastmg molecu, which 
tha red-greens 2 double yellowneseon) ; xn thi way the 


T have tned to convince Mr. Troland (at he mentions 
in The Beigua of Colour Vision, pp. 28-30) that this 
conception 1 too much ef the mature of a witions ad hoe 
hypotheds—end even worse; for, when once the four 
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wpecide chromatic nervedmpules are safely started on. 
‘thar way to the cortex, why sbould Nature, for no reason, 
{nterpose a process for eiecting their mutual extinction > 
Our blndoes t0 the red greet and the yollow boas 
isa loan, a defect (al Dindoess ina defect), and st can only 
fave covered a3 an onavoidsble msticieney in the 
soethod employed to make vison speciSc (as the heat- 
sende bas not yet been made speciio—we cannot tell one 
wave-length irom another in beat). It ie tron that 
Mr, Troland at frat proposed the dea that thus vasishung 
of the colour-pairy mght have sexual nignicance—that 
yellow and bhe were colours of approach and retreat 
eapectivey, and that, inorder to prevent the embarraat 
ect om the part of ardent youth and mald, of beng 
‘tempted to retreat and approach at the mune time, they 
‘were stncken with blndness (or thar low-down ancestors 
were) to the yellow-bines and to the red-precan, Bat 
Tanderstand that its author bas at present grven up thia 
part of is frst theory. My contention that his bypotbens 
8 parely a boc cur Mr. Troland diacames, bat be doey 
not ament to at and be still delends tos 
colour theory. — 

To hus secoad theory U7. Of. Soc. Ame, 907) 
Mr, Troland bas coused t0 feel the neceanty for baviog 
yellow (or whts) in his list of colour, and he adopin the 
three resonance curves of Helmbote, htherto overlooked. 
by hum, He actually says in ths paper sx plain Diack and 
‘white: “To explain the facta of colour ‘anon we have 
aly to assume the exatence in the retinal recepton for 
<otour (the cones) of three substances of thas sort, baving 
the mauma of ther resonance curves m three repre: 
sentative regions ofthe spectrum, and to suppose that the 
‘relative iatenatiea of thee thres exctations for aay ven 
‘wavelength, can be tranmnitted along the nerve to the 
Ihren.” This would seem to be merely = momentary 
Inndvertmoe om the part of Mr. Troland; he knows aa 
‘well as do the paychologits that coloursecsation is 
(etrechromatio—that yellow (aod white as well) needa 
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‘to be accounted for in wisstaver putporta to be « thenry 
of colbareeasation. However, he repeata this statement 
in xgar. He saya (Bmigmas of Colow Vision, p. 19): It 
‘must be dat ""nerve-conduction must involve af least 
(Chre independent variables, and tht tie are ofitent 
Agnoring again the necessity of providing fer yelow and 
for white. Fandamentally different aa theve two theociea 
are, Mr, Troland usually refere to them as if he shll 
‘believed (2 them both, 

“The turd theory of Mr. Troland ss indented beifly 
in hun paper of 1932 (4m, J- Phynot, Optics, p. x8). The 
Dabitat of his theory is now that “ advanced 











that 3t has become, by a new exgregston of ate 
molecules, by the formation of new consttuent radicals, 
ore specie wits ractons to light ; bot at the same 
fame, since the molecules concerned are the same as 
before, cerium of the decampoaton products, when 
present together, umte chesmcally and form one of the 
previous serveenctant substances, Thus may of eourse 
‘ot be the real state of things, x= offered as hypothens 
(oot as “'resity ", bat a has perfect oraseemblance, 
and at affords a perfect explanation at once of cumple. 
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‘why the frimine yellow is the same senttion 05 the 
illow which (an t@rackromatic ines) is mode out of 
ed acd groco, and alo {what v. Kries too has over= 
Tooke) why the promtice white (the rds) isthe some 
season 23 tho lazer whe, that of the coxee—in opile 
of the fact that the cones are auch extremely diferent 
‘onyaas from the prnutive rods. (Hlenng has expressed 
spprecation af the feature of my theory) Tt some 
to me that thes ws accomplaing a good deal in the vay 
of explanation, und by the simplest of means, Uules 
Selecta m tus hypothaxs eam be paunted ot, Teonchide 
‘hat It ought to be regarded (as Is regarded by many) 
a-an efficent hypothens. Mr. Troland mays that it 
rmgerous, and that the bane outhnes are protably 
tential (that 18 indpereable) to any elveddation of 
the cama phenamens,” Bat thas exactly what {have 
self ard vegarding my theory from the et—that 3, 
at least, a" eaifolding” within wizch any final theory, 
‘when more dataled nowledge regarding the elects 
of light ou the retina har been acquared, mutt be oon- 
tamed. “Profesce Burtoa Sanderson’ (prendential 
addres, Bostic “Awoowton, 2693) after" dixcaumng 
the then recest facts cagacing colour aud that thay 
could be best understoed an tect of my theery, and 
‘dded, quite correctly, that my schema ms diagrammatic. 
‘At the tase time Told, with Ms. Troland, Gat 238 
‘ndupeasable 

‘Mi. Troland's atutude towards my theory ss, on the 
swhole, rather composted. These are the fextures of tt 
which be mpprecaten 

1. He accepts my theory of the beck sensation (but 
hae hes not noticed ny thery of why we have a sensation 
of blaciness nor my root that the Blackness seamtion 
4 of cue mmtemity cnly—that the series of greys arb 
1 ear esi 9 

1 Cont agrees yom i fat Ca hae bm. 
Se ae 
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‘correlated with variations simply in the intenuty of the 
‘whuts-constituent). 

2. He yields to my smuistence upon the fact that red 
and greea lights, when mixed, ere productive of yellow, 
not of white. (This is of comme an complete contra. 
Giotion to his Theories I and II—thove of 1933 and 2537.) 
‘This view af mine has ako been accepted by Westghal, 
by v, Kies, and others, end it bas virtually been accepted 
by Titchener, when he, with great honesty, plamly says 
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‘one that both takes account af ths 
explanation of st. The Helmbelts © 
compte indeed the fact, tt (being, ax Professor Catt 
thas pointed out, both prepaychological and pre- 
evolutionary) it has not felt under compulnon to offer 
‘any explanation of it. Thus, a8 Thave sard ¢ 20 element 
cof my theory which Mc. Troland explicitly appreciates , 
{t15: contradiction to hus Theary Tend sts unexplamed 
‘am kus Theocy Il, but be takes it over into his Taeory 111. 
1. He recoguizes the central festare of my theory, 
{hat at take m both the seta of facts upon whch the 
‘theories of Helmbolts and of Hering are founded (facts 
‘which are, respectively, subversive each of the other 
‘themy). He says, after “supplementing “ aay theocy 
bby the assumption of a primitive white process m the 
rods (which was of couse a fundamental and eumcatia! 


fe 
it 
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‘part of it froma the beginning), “I thick it car that 
the Tadd-Frankits theary is distinctly superior to the 





Nar Two's caplet eblecions to my enous thay 
toe tre our — 
fa) ee thnks that any theory of cloar shox deat 


‘ew at that the base forthe peculanties of ealour to be 
found st some higher level (tt somnds « utile Like 
Chnsban Seenoe, acd New Thooght. to say that some 
‘views on colours’ are saore “advanced” than others 
Topoyaphoaally it 19 trie that the cortex is more 
“advanced” than the retina) 

{@) His other objection ws that sn order for the partat 
issocations to take place that my theury regu, there 
rut have existed m the onguzal whitenes rlecale sich 
nggragutes of atoms a8 are thove now to be broken of. 

T take up the firt objection first. In tho tangled 
cour of events fram physeal hgkt to psydscal lght- 
smnsaboo—trom a “‘recthoear” sens (to we G. E. 
alke’s good ter) of electro-megnetic vibrations to 
fs poverty-stncken foar chromatic senmationa with ther 
four (uot su even, at there would natorally be) senee 
of colour-blends, it is ubward to say that auy one event 
1 of "prune importance ". Tt is a total musconcepton 
‘of fundamental principles of metbodology not to recognize 
‘tat if we have a cassal chais of events such that 4 
conditions B, 3 conditions C, C conditions D, ete, each 
fe of the mtermedinte events is, not only of pame, 
Dut of abwoluteinaportance, Who dows pot know that 
1 chan 1 po stronger than its weakest ink —thourh 
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‘there has not often been occasion, perhaps, t0 set it 
down as an xiom of scientific logic. 

‘What Mr. Troland rally means to say 12 that in bis 
‘opiaion the speciscity of the vimal cham of processes is 
sore likely 10 ressde In the cartical processes than in the 
retinal ones. But ths merely an opinion, and the fact 
that we iow more about synapses than about photo- 
chemuatry (itt 2 fact) doe nothsng (Cooogh Mr. Traland 
secaxs to think it does) to support it. I agree with the 
‘opinion of Dr. Howell (ust expressed to me un & personal 
communicatiqn) that the spente features of the visual 
‘chain of events are more likely to reude w the receptor, 
and aw the receptor processes, thax 19 any of the nerve- 
structares When oace the nerve impulse has started on 
143 course it would seex to be practically the same thm in 
every vense region (tave forthe fact that the paychologist 
‘ay dernazd of the physiolagst provisos for at Jest five 
dufferent mechanstms of conduction in a angle serv Sibee). 
{In the debouching of nerve impulse wpon that cortical 
struccure, whatever it roay be, wtach is correlated wrth the 
Dayehic expecienoe of madness or gremnent, there est 
Indeed be something speciic. There ‘sno reason to 
ak, however, that & "red" excitation and a " green” 
excitation ean proceed uninjured to the cortex only there 
to be degraded into the bass for a more primitive yellow 
‘aenoation.' It is far imple to suppoca thet what F have 
called the “translormer mechamem” (by which for 
‘mumerable wavelength combinations arm eubsistuted 
(foe colours caly) has ats ate sn the retina. “But Mr. Tro- 
land says (p. 15) that my theory would be more satie. 
Jactory if it wera transfered to the cortex. I have no 
‘objection to carrying on, at need, 2 second theory sn the 
corter, but I confess that I sill prefer, following Howell, 
‘he retina ax my theory's prinapel Imbutat, 


1 ta the They Tot Me Tolnd they oy sch » ergs eusshon, 
callt teeta, dines to be peed at at Se way Wa 
SS ee 
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“When it comes to the Goal link im the chaun—ohat I 
‘ave called the auaro-payehie carelation—we have 
ined something whlch, as ME. Toland says is Bos most 
““umtereting ” stage of all. Bat st is a wilfal gnonng 
‘of fundamental principles to suppose that light-sensation 
(or anything ee) wilt ever do saying towards 
“explainung’ Wont is am explanation? Its 4 
subsuomng of facts, or of parual laws, under some more 
several law of which they cansttote peticuar stances. 
[Bat this coonenon of final cortal process with conncout 
fexpeninon 8 queen goneris—there 8 no corspanion- 
spece toi in the uzaverse elsewhere, and there 820 more 
feneral mtaxtion under wich 1 can be wubsunod; 
nce the eflct ta explain twill be foe. ts attendant 
comitions we may Kew mace abost but the real why 
ofthe situation w plainly undiscoverable 
Mg. Troland's seced cbjection a wot only tral, its 
Abo purely fcttrous. Its that f there are theee groups 
of storms in ray final molecule wisch are separately 
tlenvuble by ght, Shey mast have existed on from the 
bepuming, "This snot oly « complete minindertandang 
af ay theory—it bas also eo foundation wt fect. It 1s 
Ault to iow where Mr. Troland got ths iden that 1f 
bertam sbxtances tre teparsted out from a given mother 
substance they must have existed already preformed int. 
This fictions rule does not Bold even Ja the bulding 
of the complex nucle of atoms ost of the pantive and 
sagutve lectroc. groupe of which they sre composed. 
Chave fast come upon ths statemmnt by Profemot 
Harkins, whois damg sich portant work ia the evolstion 
of the atom (Pal, Mag. 42, 333) 2921): “That groupe 
‘which are not contained x5 such fa mare complex grO34 
ay covetion by mperated ct fr them oot of 
‘the common experiences of workers in chemistry 
aaple, snhydrous axalle aid, with a formula 
HOC—con 
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‘which does not contain the group HOE, nevethelea ves 
‘rater when iin heated” 

1a the case required in my theory it is mot a mater of 

1 shuple chamizal actan, but of the development af 
‘chemical mbatance in the ictereat of greatec speaticity 
toght radutions its. idee, therefore, whith i tll 
further removed from beng questionable. In fact the 
belief that wcbsbances mst be preformed, they are to 
ndeogo cleavage is my cheascal advo tell me, a 
conception that has not been current tn chemistry since 
145. 

‘But s my udea of the eveluion of a colour molecule 30 
cout af the mma? Tada that when I Gt 

sy theory ts plan of paralleling (3) the known paychical 
Grvelopmest of smsation (oon-sptetic whitenam anto 
teteachromatum) acd (s) the known structural develop- 
rent of the vansal elements {rods into cones) by an 


‘oature of a simple addition {as he took them to be in 
bis Theory 1) but that they constitute a real evolution out 
of amore primutrve yellow sense, has probably not noticed 
that the idea of the evolution of chemical substance 16 at 
present very munch to the fore, Ande from the new 
theory of Pernn—the radiation theoty of chemical 
nctinty—t take i¢ that there is nothing x0 exesting 
at present gong on in the scentifc world ax the malang 
‘out of the evolution of the atom by Soddy, Rutherford, 
Boks, and Harkins. 1 find soyel, in fact, in the best of 





‘im opponing 1. 
‘But Ihave, as it happens, a very beautiful comspamon- 
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rece to my own conceptios—of sack fundamental 
‘Fnporance, a fact, a8 to give we all the analogy that 1 
an ake fox. Chlorophyll and bemoglobin perhaps 
‘the two most important substances mm nature, Hayses 
days), are both coastructed out of practially the sume 
consttuents—both are compounds (with other substances 
Preset slo, namely maguemum in chloopiyl and oo 
{i hesnogloba} of three dimethyl ethyl pyrols.. Wilk 
statter Gin & personal communicabon to Bayliss) uses 
thee very striking worde—be says that he’ does ot 
regard the simuanty an consutction between clorephy 
and hemogiobin ss beg of axy great sgaiicance 
{By ‘ha br meacs that it nothing extraordinary 
ustuual) T quote from Beyus. “The mother su>- 
‘ances worn probably at land, and compounds with 
the peopertes of the two mgments, seypectvely, being 
required (of one may uve the expresmon) these pyrrol 
derventves were sade use of.” 

With this analogy, 90 very much to tbe pomt, I con- 
fidenty reat my eas, a8 Far a8 a chemical evolution 
concerned 





1 cannot Use too strongly arge upon the seentnt te 
sty of practical logic asx extubited in the good, but 
rere especially 12 tho bad, theonee of colour, The 
abpet of lbt seaation is « dificult coe i» the sense 
that there {3 no parallel iz any other domain of the 
‘eases to Uzow light upon it, and who Hat Ue facia, 
which are umeroes, are, ladeed, when not woven 
Aogether into some consstent structure, complcated and 
canfismg in the extreme, These complnted facts 
have goven sve to any attempted solvtios, most of 
them, however, of a neghgible degree of sraxsenblance 
sod hl cing cbr toi spd mde 

ogee] peineplen” Its probable, infact, that 20 abject 
of bamas exceavour bas ever bees the source of mare 
vagunes and wimocceptions—not even the our, 
af the cicle or the trmection of the angle—than ‘ill be 
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found in tha masting theories of coloaremaation, axty 
cr seventy in wumber azcording to Erank All. 

T do not however agree with Mr. Troland when be saya 
hat the tan of comprehending colour isa tremendous” 
‘ne, and that it makes, perbape, "more rigerous demands 
‘apon the intellect than doce the formaletnan of far more 
comic theones” If, indeed, one envisages the 
pheomens of colour from the post of view of the way 
in which the colour amec bas actually been developed 
sm the animal langdom, and if one algo beers wn umd that 
imatead of a specoas echlea Nature had only a very 
‘mmmute apace—an infnwtesmally emall cone, in the 
fover—in which to sat up a whols aw mechan for 
mpecitcity, it wll be found, I bebeve, that the phenomena 
cof cotoar are by no meena 30 much raore mystenous than 
other events which paycho-phymology has to deal with, 
CCerraunly when tt comes to the nature of weve conduction, 
And of the fina? neuro-paychuc cocelatons, there mmo 
reason to think that the domain of eslour diflers funda- 
‘mentally from any other of the sense domains. And 1 
‘the Light of the known course of development of the 
colour ose, the facts of penpheral vonon and of the 
Hllumiaating  progremmon of atages of colour-blindnes 
cease to offer dificalties. 

‘A mare expleit ducusuion of the loge! panciplen 
(hat should govern the makmg of theones of coloar wall 
be found im my paper “ The Theory of Colosr Taeones 
The science of methodology bas of course a totally niw 
ppeoblnm presented to rt when vt reaches this subject. 
In other tanse-cegions variations in stimulation produce 
vvanations im conscoussess, but thet 1s far from being 
the case in colour. In general, x pont an the colour 
area can be got by counties differest combinations of 
wavelengths. Scch a seasatocal pamt is, bowever, 
cumguely exposed in terms of the three variable 
quantities which hava been substituted, in the retina, 


Compl mater de 71 Gmgie meoaona! de Prplsers, 
enn, 1908, 608-208 Ths beck p 2Ne 
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for the octave of frequmcies of the visible eatray- 
radiations, Tass constitutes what I have called 
‘““tramaformer mecbaniam”"; if one fastens his mind 
sr teense Gn eo he pnt ele 
‘and forgets the visble spectrum, 
Drcheon of the pimwemens. of colette retly 
feolitated.? There 26, it is true, ax iomense amount 
of work to be dase (and beng done) in making out, 
‘qutntitatively, the details of each stage of the colour: 
tensation processes, but nothing is gain by over 
‘tuples upon the fundamental dsficultien of the subject, 
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PART IT 
SHORTER CONTRIBUTIONS AND REVIEWS 


1 
LIGHT-SENSATION {A NEW THEORY)? 


[ite cemos which make t sxpombl for ort pope 

{oaccagt ether the Hering or the Yoong Hebzbolte 
theory of hght-emmticn se famiar to every oe 
‘The flown are the mont important of them’ 
"Ta Young Haimholts theory requires nn to bebave 
(cj omething which strongly corn dicted by conscious 
‘aus. that the eomaton winte ie nothing bat an 
ten mixtor of red-grem-bieaseaatons ) vomathlng 
‘isch a a stong astecedentsmprobabity migrant 
Vis that under certain Gente crcurstazco (eg. fot 
very excontric pare of the Pena end for the totally 
Colourblld) all three coloaraenstions are proctced 
an exactly their ongioal integrity, but yet thet they are 
‘never prodoced sn ay thee thas that enon aitore which 
rs the ommton of white (6) sata wh 
pnntietively quite mpoadhie—vic. that efter imagen 
Stich are freqortly very Bellas, ar due to nota 
at what init over io tha oat ofthe cwtmn afar 
part of it has boon exkanstnd by ‘atu, altbough we 
Eave otharwise every reson to thi that the whole 
of the aetslign a excmavely Sunt 
The theary of Hering events al of theve feats of 
the “Young Hdmaboits theory, bot at tho cont of 
fntrodaeing others which are sqeally dingreesbe: 5 
sags ie et paso he pg by 
erring te fo think at Che process 

Ligh organ ania am esta 
lege of te exteral world fost of eopponing that 
teks place (as in every other inetance Eaown t0 03) 
re of dato pope cada Be Congo of Rapa 
eS ee 
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simply for the enke of its future useful tering down: 
it secemerily brags with it « quite hopalas confusion 
Dotween our ideos af the drighmess and the ralaine 
hensst of & given sensation (as 1 proved by the fact 
(Gat it enables Hering to redacover, under the came of 
‘the spesiéc brighturm of the ciflerent colours, a 
phenomanan whic bas loag been perfectly well kage 
45 the Purkinje phenocneaoe) : the theory 18 contmdicted 
by the folowing tact (nom for the first ume annoonced)— 
‘the winte tade oct of red and grecn:6 not the same Shing 
fan the whste made out of bine and yellow ; for if (being 
‘maxed on the colourdhuc) these ¢wo whites are mude 
equally bright at am ordicary sntenslty, they will be 
{found to be of very diferent brightness when the ilumina- 
‘nap a4 mace wary faint* 

1 fina ehewraion aac y Eman pe yt 
‘ssl ots Parca Cor Penetan "bp eng a 


Teta Fovociee pe seaperes tua Coop ey onan, 
xiar temty whack bern wfntwaren ohged to BE 






0 
COLOUR-BLINDNESS AND WILLIAM POLE 


[Bet lag bees matter of commen imowiedge sinang 
peychologuts that the calour-smumtions which pertst, 


caveumatance that the partially colecr-blind had two 
sensations only, that these sensations were, 1n the ordinary 
‘anar, bine and red, oc bioe and green ; and m accordance 
with thus deduction they clasuiled most cases of colour 
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heory. Marsover, the bela! thet the warm calour 1 
cltber rod oe green iss become so ingrained that thn cases 
Dy whuch it haa been shown beyond question that it in 
fact yellow have often failed to produce any eflet, 
Abary and Festung, in the Philosophical Tronsections, 
‘ay thst the examinstion of oalour-bbnd pervons 19 of 
‘prime importance for texting any thenzy of colsar vistan, 
‘und, pevertheles, they are coutect, ice so many others, 
to infer tho smahons of the colour-tiizd from a theory 
which Uuey have already adopted. 

Bat ab early as 1836 there was one man who, hist 
colour-blmd, had corninced himself that his own seasa- 
jons were blue and yellow, and he shonld have can- 
‘vinced all the work! as well f the woekt had beea open to 
reuton—if st had not been prooceuped with « theory. 
‘Thus man was Willian Pole, FRS., profesor of civil 
engumeerng im University College His papers on the 
subject were pubbahed is the Phosephical Transachons , 
Inve argument is exoocdgly ingemous and if 36 lithe 19 
the crdit of the rensomng pubbe that at did zot make 
Tbeadway Had it appeared a few years exrher than 
thd, 238 probable that the Young: Helmboltz combination 
‘would never have been formed. 

The history of opawon regarding colourblundaess 
‘presents, therefor, thse saves of occurrences 

1, A deduction from a theory was taken for a fact, 

a, That supposed fact war taken as confrmang the 


‘3, The tame supposed fact was held so strongly that 
‘the highly ingenious reusomng by whack Professor William 
Pole ahowed it to be erroneots failed to awaken attention, 

4, Moreavar, the cases of monocular colour blindness, 
bby which i ss absolutely contradicted, are without effect 
‘upos it, with many people, even at the present dy. 

* seven Parte (Calar Fano, 1834, p 101) ect yt she fo mae 
yt edo Cas quate Aad hn agar of Edger om 
1a babyeck in the Heopeopaee Branenen, 12D vol 30, a? 
ruins he arene Seunemnpser ng teat Engh gabe 
‘Braet red Parent ante vite ct Diner Pron male st rt From 
‘Opietalcv, sat 30,468, Dem 
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THE EXTENDED PURKINJE PHENOMENON 
(POR WHITE LIGHTS) 

By th Partaje phesomensc 1 anally meant the 

‘curious fact that bises and especialy greet look ab- 

‘normally bright when the allammation 3 drminisbed, and 

that yellows nd expecially res look abnormally dull. The 

‘atme commends tse #8 bemng also x proper designation 





‘enitently the nght same for 
{faciltate the report of Techecmal’s obeervabons, It a 
‘the Puckanfe phenomenon only m 0 far asst deals vnti, 
‘those colourless maxtures that am the subject ofthe preaent 
paper, The fact itself evndently 1x direct contradiction 
‘with Newtoa’s law of colour martares. That law states 
that af there are tro pam of indistingushable light- 
‘muxtaree, the doable mixtures formed by unating them 
‘two and {wo wil alse be incutngmsbable; ana parucwar 
case, oe parular pair of hght-maxrtures may be the 
‘ume az tho other par, and hence the lew covery as yall 
‘te mupposed constant equivalante of two Hghtraictures 
(end um parheslar of two colourlaus light-murtures) 
2 titer dp Belong Sr Lacearee ma dan Zama dk 
Scehncgens tr Irises tach Ginchangea,” Peg Arai Ses 
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oder all variation of objective trusty of illumination. 
The ditcaky which beets the search for trath by 
experimental measa, even in wel-<ppointad laboratacis, 
ia well Ulsatrated = the Istorcal ketch with which 
Techermak begins iis paper. Newton's iaw was tested 
experimentally and proved t be valid by Maxwell 
and. by Aubert by means of the ‘colourcvheel. AS 
Hering pointed out, Use ia very inadoqate proof, oo far 
as coloarless wnixfures ace concerned, bocanto greys 
‘inde ont of diferent coloured papers are very Likely 
tobe in the eng, phyncilly eacty alike, [Thivobjecuon 
tom not held far a dopo ofthe aw j fori Se evident, 
term is the abvence of a spectroscope examination, 
‘ut w difermee jo senatace-efict could only be doe 
to 4 diference in hght-ay componton) . Knes and 
‘Branneck (485) tated the law by epectel ght (xdour- 
Jess equations bang mended) and declared 1 tobe vad, 
At the same time Heung publabed the resits of bis 
‘ove mvetigation of the Question, both by papers and 
‘by x good colourmuxing apperstos, and declared the 
“muplete constancy" of coloutise oqustions oder 
changing llsmazation. 

“The next year, in Due paper Ueber Neton’s Gast der 
Farkenrnchomg, be reirased tha reel in the strangest 
‘eras, and declared thet any exception to Newton's 
Taw (whethee dow to dlficent intention of tho Tighta 
or to changed conditcns of the retusa) would be quite 
{Soomustent with our Lnowhdgs of te structure of the 
univers, and was aterkeup? wholly unthinkable, If 
changes should attecwasds peesmat themechet at higher 
sntenate thea hebad bee able totry (hedom notmenlon 
Ay excptloes for Jow intense, wach were of couse 
camly sftainabld), it would be exer to soppose that 
tecocidary changes had been caused sa the tastes of the 
ge by the sizong ght than to give up the vabdty of 
Newton's law. Hering abo masstained with equal 
conviction, 25 the resol of fis experiments, that the 
equations were not afected by the lal condition of 
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Ladd-Franklin and (a year later) Ebbinghxus' Hermg, 
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in is paper of the sume year, attributed the reported 
Apert from Newton's ta, both for colour and for 
fraps, to certain sources of exer, and in particular 10 
Gs varying proportioe! abaxpoon of the jellow Pp 
reat of the risa. for varying antensiti, and he 
‘fice rumstexpitty the inopendence of color 
‘equations, whether seen cently or peripherally, of 
‘frst, the Intensity of the lyght, and, second, the condition 
of the retina. Tt at tan pect that Techermak qiste 
Sestroys the eramatie claracter of his tale by leaving 
fot the part played in it by Mamet, Te was Konig 
tho definitely elected the connesioa between the 
changed relative trigitnesr of the cflerest portions 
of the epectrum and the cksaged condition ofthe retina, 
by thowing the quantitative comdance between the 
Hormer and the visual purple absorption. Hering had 
‘een, is roa for sometime nsting upon the importance 
‘of attending to the state of adaptation of the eye 1m all 
sth light, and be made « patieularwtudy 
Of the Purkinje plndcsmon, ia the Inuted sense of 
‘the term ; but the experumentum arucs, by which it was 
‘omnected with the wanal purple amd lime wath the 
yoda, and bence wath the wistepreducang portion of the 
‘ual appuratns (and by wich therefore, the fact wan 
robbed of ite foroe as an argument agunit any theory 
Of amtagoclc colour), wat caried out by Profesor 
TRonig.»Tachermak ha taken op nt present svesguton 
ai the instance of Profesor Hering, end has cared t out 
tn is lnbocatory. Hie porpose wan to abow that the 
departures from Dowton's aw are not dos €9 anything 
an the nature of the change of idensity mo nal, bot that 
they sre due to 2 change i» the aduptaticn condison 
of the resion, whichis im tare coud by the change 12 
‘tensity of the Uminaton in cher words, at the 
tower, taregh tbe Md ee ot Pome Denna, at 18 sad 
2 internat Cong Paycogy at etary C0) 
$bewor sees “Tete tne ses soto emer 
Hiigimee ant tats ota sft ny eae 
Siete act cana oc ep te st ot Boog} 
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ange of intently isnot the immediate, Yt the medsate, 
‘cause of the phesummon in question. He dea this by 
owmg ii detal tat the departure does mot occur 
‘when the colour match f» looked at an ¢feint light, bat 
‘tu the eyo umadapted to tat light, and that at docs 
‘ecu when the eye is = a state of davkmess-adapeation 
‘ven though the dumtion ip not fast, Bot T jel 
fue that there ss no ous except Tichecmak anong 
‘hove at all isterested the eabject wo les bad the leat 
seu that aaything ee than this was the cave Whats 
ver may be the modes of expremon ‘which Kanig aad 
"Knes somatiroe make use of, it easzot for a moment 
supposed tbat they have atrfbuted the above-named 
Aepartares to anything ee than the state of adaptation 
of the rods of the retns. As Jar as tbey yield to the 
bon to nse the fact against the Dory af Hering, 
they are certainly qute without any groand tostand upon. 
Nevertheiag, tia paper of Tocbermak is of vouch 
reiportance a containing the fiat admiaon that ban 
‘rowed fram Herag's aboratory, a ar as {have votiond, 
fe tf ecb 6 cui ad pt 
yuations, which was aanouced by yea an a 
and by Ebbghtns x53 








v 
CONES ARE HIGHLY DEVELOPED RODS 
DR. GREE pes 50 inteenting ssimary ofthe most 


secant additions made by Rasson y Cajal! to our 
mowledge of the structure of the retina; the subject, 








Rats dar Wortlthuers (Wreskaden, 1894) by De. Greet, 
‘who Ins alyo made cootnbations of ins own to the work 
‘of the Spanish author. The most teresting povots Dow 
made oat (which may be added, or the Englat reader, (o 
the excelent account in the System of Daseases ofthe Ey, 
by Norns and Oliver are the folowing *— 

‘Moet umportant of al, st can now be afirmed, without 
dont, that the canes are, quite simply, rods.an « hogher 
‘stage of development. Thus fact u very mmach to the 





mare cormplicatad form of exctation (wontever the mature 
of the exctation may be) 19 indicated by the fact that 
the kmob-bke banlar ending of the rods 1 replaced 10 
thea by namerout fine atborisatioas. If oor sub- 
nctvaly acquired babef regarding the different fanctims 
fof the roda and copes had happened to be the reverse 
tf what wt sa Gf wo had been induced to attribute the 
colour sense to the rods asd the undiscriminated bght 


Naren Caps Nevers Beech su Haslogie dee Brune” 
Geet Teak f Peek @ Pow aot Semmerpon, ot 1, 
mew. 

oe 
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case to the comm}, inowledge on this rubject wontd acw 
tbe st 0 standing-stil point of cootradichon; as it 1, 
sf oan go on itsway rejoicing ia one more of these matoal 
canfmances of reuwnmg proces proceeding by 
(Afferent routes which are, 10 general, the souroe of the 
confidence we feel in our Saterpretation of the phenomena 
of the natural warld. Even the Istest wnters on the 
Intogenens of the retna have bad little to ray on the 
carly stage af the infrlimitant portion of the toda amd 
‘cones. [thas only now been made ont, by She Goel mathod, 
dnd expecially by moans ofthe donblaropregnation and the 
‘ollinganp of the rina, that the rods amd cone past through 
1 fesed (om th mew tor ca, fr enatancs) then ty xb 
‘0 difference sm srwciure (30 far 23 srwchure 13 proserecd 
1m ase mathods) end cas oniy be dishngushed from ach 
other by the circromstance tha he nucleus of omer rv ownded 
ty a somahad Dacher layer of protoplasm than that of the 
‘others, and 30 shouns darker, (Phat v6 stage v0 wich the 
‘aud members are wholly sndeviloped, and £9 cam fF #0 
‘means of orientation) The question of ther anbryonal 
Senbty—a queshon which Copal Mmislf as formerly 
blged to gu upd hae nos, therefor, been abla to sole 
the afro sens. 

Other points which may be noticed 1s this sursmary 
fof reults are these: There Bave been many rescoun 
{or rparding the ods and canes ns difereatiated epithebal 
cals, and not as nerve cally or ax aearogla cxlla—the 
omthslind appeerasce of their outer members, their 
Pomtion as luiting cals iz tha interior of the primutive 
epic cup, ste. Taat they aze, ip fact, exch is now 
sstablshed by the cixamoatance that ca their develop- 
meat they pas theoagh, lke cerve oss, a monopolar 
phase, bot that, unlike the nearoblasts of His, the 
callalpetal proces is fast developed, and rat the celta 
fogal. If Raman y Cajal i right, we have criterion 
‘by which to distinguish between the three classes of cells 
‘which are capabie of conducting servos currents: (3) 
calls iz which the celllipetal process is formed ist 
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(rods and cones, taste-cells, etc.) : (2) those which begin 
‘their development with the seading out of « celulifagal 
‘proces (the grest majonty of the soultsplar calls of the 
TRecvous centres): (2) cele which seem to form both 
procenes at the same time (pols cals of the retina, 
‘€ Cortv's argan, ee). Tha ciference betweea the bipolar 
{els intended for the rods and those sateaed foe the 
cones is much greater in mammals the fourth day after 
‘beh then iti later, wtuch conSrms Cajale ctacovery 
‘hat thee calls ate distinct diferent —Receststuies 
of the retin of the sparcow (im which thes organ has 
ached an axttemely Iagh developentat) disclose & New 
form of cell (ater detected sso an he setine of reptiles 
and of some mammals) which resembles both in shape 
and 12 poston the amacrine cells, but which differs from 
them im heving an ymmenaely long (aometimes mill: 
rurter lng) we-cyhndee proves "Ther function seems 
{o>betouct aa aocation-Sbres between dorant amacrine 
call, ‘They are extemely ‘mamerom and it is very 
probable that the ramifications of the centnfugul nervous: 
‘tres ure spreed out around these calls. They may be 
tale the amacnneamocation cxl.—The Tein of 
tard offer the best Held for the study of tho oxntnfugel 
fibres; for the Back, sparrow, etc, the Golgi method 
ta bet: forthe tekerreuna ofthe dove, that of Ebrte 
Caza 1s now thoroughly convisoed that these ces a 
terminate im close eaotigorty with amacnne cele, and 
that the function of the latter 8 to form an impertent 
rmeraber ta conducting chain between the brain and the 
junction of the tsplar with the gunglon cxlls—Among 
the regular celit ofthe ganglion layer are certain others 
‘which are naw made out to be tree amacrine ces, but 
rot ia thar proper place—disloated amacrine call, 
Ry Cajal hat before laid down the role that for the 
recognition of the nature of a nervous cell one should 
fot atteod so much to the posites of the calk body, 
for that may vary greatly, bat rather to the postion 
and the selanons of the peoteplanne Procemes tad the 





CONKS AME HIGHLY DEVELOPED KODS gor 
exiscylinder. By means of this prmciple Lénboasek, 
hhas been able to discover the bipolar cells of Cepbalepods, 
although they are ox top of, durtead of benenth the feet 
tf, the rods and cone, and alin their amacrine cell, 
although the bodies of these celle are quite out of their 
‘natural postion. 


plicated tacts of colour vison, but they ace both wh 
inadequate to represent gor present imowindge of the 
subject. The theory of Ebbsnghaas met 


the condivons of 2 satisfactory theory, 

‘The theory of colour here Ind down’ may be 
‘charactersed as, 10 the rst place, 8“ return to Goethe". 
‘The author conaders that Newtan did set suficiently 
‘emphasize the rubjectve character of oolour—end this 
1m spite of the fact that Newton states in the clearest 
terns that colour aa an exparsenced sentation ut womething. 
entirely disparate from the cause of colour—e given 
wavelength of combination of waveleagthe~an the 

| tn. vey tering urrmciscn of Fecha clou wa han 
Iatiyappaned atin arta of Pct. ton mrt Some we 
‘egal a conbrneeg the ney & Eitenghen, eed oh that 
‘Seyeort valu enstenes Der erty an cher ee be eceded 
‘ig gph edene he owe they tee the econo Geo 

7 erominige sat Peceatbenne” Prose Dr Bees Hit ot 
Qype Ee Tp «Fig ar ance, ma 
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exeral world, The purely metaphysical (oc som 
scientific) standpoint from which the problem of colour 
fa approuched in the paper before us may be inferred 
at ouce from the disquisition which meets us already 
‘othe sccand page onthe subject of total colour-blindnes. 
What the sensations af the achromate really are, we 
are told, it is possible to infer, after frequent conversa 
‘uons wath them. by means of the fact that calow-sensa- 
‘none for normal individuals are accompanied by certazn 
eelngs, certain mathetic efiects, which we discover to 
‘be wanting an these defectives, Even after we have 
made aut that the spectram looks ale to the totally 
‘colour-blied throughout :t& whole extent, how can we 
‘ell that at does not look to ter all red or all green or 
all bins (as the Heknholts theory would requare ns to 
Deheve)? "Durch die Art, we er sene Empfindungen 
Deschrabr, was nur durch’ Angabe von aestbetuchen 
Wirkungen mogleh at, echalten wie che Gewsihet, 
azo ex alles 30 sebt, mie wir, wenn wit Krnde, Schooe, 
‘Tagesbchte ansehen.” That us very wooderfal! 1a our 
sauthor really 2o acute that he can tell, when his patent 
sata in front of, say pink and white ice-cream, whether 
the westhetse feelings which be desesbes are thove apper- 
taung to the sensation punk ar to the sensation whute ? 
Ik to, bit powers of paycholopeal sought are something 
marvellous, and he ought (0 be able to revolntionse. 
‘our whole scienca, to lay ita foundations broad and deep 











‘bln ? Wa can easly make out from what they tell us 
‘that their sensations are of two Kinds only, as the entire 
spectruse moves before their eyes. But what two? 

‘there four socts of asthetic feclmgs attached to 
four colosrs, so accurately charactensable that we 
infer fern our conversation with the patent that 
and yellow and greez ell give hum the sensabon of 
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yellow alone? If the thing can be so easily made oat 
‘a this, our anceatots were very foolish to believe ax they 
id for several gmerntions (misled by the theory of 
‘Young and Helmbolts) that whoa the cherries and the 
sherry tree leaves looked ake to these defectives, they 
‘aw thew someumes both green and sonietimes both red 
(and that yellow was 2 colouraensation of sa httle 
unportance tbat it was not necesmiry to mention whether 
they mw it at all or not). A simple examination nto 
these mathetic feelings, according to out author, would 
Ihave settled ss question correctly any years ago— 
1m fact, upon the Gest detechoa of calour-bhndness. 
‘What 4 pity thet this idea did not occur to Dalton, 
who concerned imsel! much about the character of his 
colouremations! Even Willem Pole, who showed 
Wonderful acutecess 1a this subject, overlooked. this 
‘method, The fact that dhe question has been wholly 
et at test by the somurrence of indrnduals who are 
chrometie and dichtematc m one rye only seeraa not 
to have uttracted the nouce of Professor v. Oppolecr. 
To retum to the contabations of Goethe to coliur 
theory—he has shown hunselt to be, acconding te our 
‘Author, & wondecfully ins observer io all questions winch 
concer “die imnere Anschauang”, as appears at once 
from tha passage of his among others: “Die Farbe 
‘ ein elementares Natarphanomen far dea Sina det 
‘Anges, dao wich, we die Ubrigen alle, durch Trensung 
lund Gegeaaatz, darch Mlschung und Vereixigung, durch 
Exhohuag und Nentralsation, durch Mittbeluag und 
Verthedung und 20 water manifesurt, and unter diesen 
allgemecnen Natarformela am besten angescheut und 
begnflen weeden kan." Thue pastage our author hum 
salf charactenzes ae allerdings biehst dunkel”, but he 
takes it as promng rar Gentge” that Goethe regurded 
cenlocs a8 a purely paychological phenomenon, “das auf 
unerer Gegensstibchlant berubt.” No one can have 
Glanced at Newton's wtings without seeing that he too 
reparded colour as a prychological phenomenon ; to wy 
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‘hat it rests upon an “ionere Gegeasiteichkert x a 
statement that would nat be contradicted by saying that 
‘it meta upon an inner harmony, for both are stStemeats 





regia, ledbaft, strebend, andere ralug” (why not four 
Gistinguishabie ‘temperatiental qualities x3 there wre 
four coloas?), “voll und gunz rman wirkt aur die 
Wenserregung.” “Heace™ (fo give at last the detar 
‘of the nather’s theory) the seasation conveyed by any 
‘angle rod ox cone u purely white, and a coloarsensation 
Jy mediated by & combination of any two or of any 
‘trea rods or cones. (Apparently xt makes no difference 
‘whether a group of three ss composed of roda and conet 
-muxed up together or not.) But these retinal elementt 
are not affeted directly’ by hnght—that first reaches 
the cells of the pigment epithelrum, pasung through 
the thin plates of the retsoal elements oa x3 way. Here 
at afiecta a chemical change 1m the comtents of thnss calls, 
‘and alo in the pigment crystals whick penetrate into 
the space between the rods and cones, and the products 
fof this change act im tum upon the merve ends withia 
‘the visual elements The idee that colour can result 
roma & futon of colvacieas sensation-clement the author 
‘says hap been suggested to him by the phenomenon whsch 
wo call tone-solow in sound—eurely very wid pisce 
of analogizing | 

It sngular bow many meptitudes « single theary of 
colour is capable of containing; the ove bere reported 
on uas them on every page. Spice in this Joursal would 
‘bell used in setting them all ont, but st may be of some 
interest as a study in the workng of a buman mind, 
to indleate a few of them : 

(©) When wa get a tonpcolour by the fusing of a 
fundamental tone with its overtanes, the things fused. 
‘together are tones which already differ in quality (aamely 
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in pitch) ; but the three elementary sensations whooe 
fusion m bere to produce coloar are all aHke—namely 
‘whute, Three pleces of molasses candy fored together 
do not prodice the tatte of thareughwort, ner of anything 
‘whatever other thn molases candy. Ne application 
of Fechuer’s law, nor of the foramla 

Ha TPES, 
‘wl make anythung bat nonsense out of an idea ike thu 

(@) That 2 takes the worlong together of three visual 
lements (three cones, two cones and a rod, two rods and 
{2 cane, oF three rods) to produce the least extended 
sensation of colour contradicts welhizown fucts—the 
finenaaa of vonca in the fovea corresponds very lovely 
‘wath the Oneness of structure of the retire, av has bees 
‘we congirmed lately, amoog others, by Schoute. Munute 
‘pouits of ght do not give different senaabont, a8 they 
{all upon one or another visual element 1m the rodlew 
‘region of the retiwa ; hence there om be ne diflcrenoe ix 
the fuactions of the several comes.? 

(2) More thar ths, xs fundamentally wrong to essume 
‘as ewenhal to any visual vensaton-goalty the ume 
of three contiguous varual elements The spread-ont 
ness of the visual elements m the reuna 1 the physo- 
geal correlative to the subjective feeling of extention ; 
st cannot be at the eanse time the vubetrstum for visoal 
quality, In the ear, indeed, the euccmmive efficent 
alements af structure are devoted to differences of quality, 
but that wt not the case an the eve—there objective 
spatial extent saves us subjective spatial feeling. 

(d) Wiule there 1s no dilerenes in the sensation pro- 
duced by each of the three members of a group of virial 
elements, there is supposed to be a difierence in their 
recepuvity—the thickzess of the plates in the end 
members is supposed to be oo reguisted as to make 
them pervions cove to bie rays nly, now to red and now 
to green. But this s just as it shor not be—this it an 
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amangament for giving lying messages from the real 
world. Teke the case of © soall surface of «nan 
‘Stornted purple; if7t falls spon a bepply chosen group 
of three vnsal elements, it wil Jook ws 3t hou do— 
‘sf courtated of red and blue, and a sal portion of 
reen, But if it changes it pontton « bit, © aay tat 
Tiferest group of re—eay tno se and one Bla 
rodacing element ; then i woald look wholly saturated, 
{En far roe red thas Sas. And a weeng group of tree 
1M would fal wpoa touch more frequently than ght 
‘one. No correct and cavarymg representation of nature 
‘oti be obtamned upon this scheme. This i, of coarse, 
An objection which applies to any three bre theory of 





(9A taore fundamental didiculty stil remains, | When 
‘tren fibeen af a proper gromp are all oqually affected, 
the sensation produced i white (cluding sey). A 
anturnted blue meant thet a certun one of the thre 


we have again absolstely colourless sensation. But 
4 not this pare nonsense? Was there ever 2 came of 
a theory which had been more thoroughly noo-thought-out 
‘han this? 

() The beantfully fine structure of the retina in the 
fovea permits an exctedingly fine discrimontan of 
perts in the wiaual fold. But if a ray of light must go. 
through the layer of cones and enter the pigment calls 

ieliam in order to produce there a chemical 
‘which has then to be reflected back into the cones, 
‘hus fineness of ctructure wold be thrown away; it 
smaposaible thet euch a chemical effet should be reflcted 
‘ack into the single cane fram which it came, and hence 
‘we shoald get only an enfarged and blurred image instead 
of sharp one of any small pout of light, 
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(@ As « fitting wind-cp, we may mention thet the 
suthor is guilty of « very singular lapse in a matter of 
ementary geometry—he thinks that if one cylinder 18 
1 times a5 Joog as another, st haa a surfaca which us #* 
Umea as great. This Is 20 corious « phenomenon that st ut 
‘worth while to chronicle our anthor's very words, 
‘Spetking of the rods he says: Tire om Vergleich am dew 
enachbarton Zapfom mindestns sam das Dreifache grOosere 
Linge des Asscsongiiedes vrgrossert watiich hie Obefdche 
‘anf dex Neunfoche. Thin 1 not 20" natéelich” 35 
Professoe v. Oppolzer sepposes, and such Inpses are sot 
‘alculated to inmpire confidence in hus lang mathematical 
lucubrations, Teis-sad to se that the present paper 16 only 
«© fust (nntakment of what is apparently ta be & wark of 
considerable length. It ls a pity to waste precioux pages 
of the Zetuchrft on such woehlew raxtter, bat 3t coe 
that even the acute responsible editor of that Journal 
‘oust scmetimen nod.” 

2 (Pret Maga wplogand str for beveg pablahed the smanog 
ope of oto ea. 
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CHANGE IN RELATIVE BRIGHTNESS 
OF WHITES OF DIFFERENT PHYSICAL 
CONSTITUTION AS SEEN IN PHOTOPIC 
AND IN SCOTOPIC VISION 


Dmspnoor of Tae Hexine Tuzory oF Covoun 


J AM vay much surprsed to see that Profesor 
Ebbnghaus, wm the last number of the Zetuhryt 
far Prycholope, announces 28 new a discovery wbuch as 
' ential beanzg upon Henng’s theory of colour wsion— 
the fact, namely that two greys cemposed the one of bine 
and yellow, and the other of red and green, and made 
equally bnght at exe lamination (by admaxture of back 
‘with whichever of them tums eut to be the bnghter, 
0 not continue to be equally bnght at a different 
humostion. Tf two complementary colours were purely 
antagonistio—that a8 xf the oclour-peooesses wmply 
ach other, as processes of assmilnton and 
<disnmslatog are sappooed to do, and f the evalting wate 
was solely due to the rendual white which accompazzes 
every colour, und gives it us bnghtness, then the relative 
Dghtnee of two greys compoved out of dierent purty 
‘of the spectrum could not change with change of 
‘Mlaminaton. The fact that they do change is therefore 
‘completely subversive of the theory of Henng, or of any 
‘other theary in wiuch the complementary calour-procerses 
are ofa nature to anminlate each other, Thus oonseqaence 
ofthe fact, aswell asthe fact itself, Istated at the Congress 
of Paychologsts m Loadon in August, 1892, tod 1t was 
‘posted an the abstract of my paper, which was dustnibuted. 
at the time, and also in the Proceedings of the Congress. 
Profeasor Ebbinghaus’ discovery = apparently inde- 
‘Pendent of mine, for he supposes that the phenomenon 
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cannot be exhibited upon the colour-wheel. This is not 
he case; wath Sttngly chosen papers fone cannot tell 
Tbelorehand what the spectrum of a coloared paper is), 
itis pecfectly exdent upon the celowr-whee!. The same 
paper cacles which I used to demomtrate it an 
‘Profesor Konug’s laboratory in Bern are, at the request 
Of Professor Jastrow, sow on exhibnbem at the World's 
Fax at Cincago. While Professor Ebbinghaus’ discovery 
of the fact i therefore doubtless independent of mine, 
Tallow myself to pomt out that mine in par to hus is 
pout of time, 


vu 


THE UNIQUENESS OF THE BLACKNESS- 
‘SENSATION * 


TAN mesons atort mace to pat the blackness 
sensation {ata the sume calgary with those 
‘Vigual densations which are the response to the action of 
ght oa the retina. Without entering into the ments of 
the several hypotheses of this kiad, I feel 3t proper to 
remark that the purpose for which they se set up 18 
‘not one which the mature of the phenomena calls for. 
Tdo cot regardlit asa defect, but asa ment, of may theory 
of blackness that it does act explain that sensation "in 
terms of processes of the sume general nature as thooe 
fanumed to explain the other virual senaations ", nce 
the semation of blackness is the paychue correlate of a 
‘very different physical situation, namely that of no 
atizulas whatever—a situation which doet mot vary 
an mtensty. 

‘Bat the croc} difculty that anses when oo tres to 
put the blackness eensatioa soto the same ontegory with 
‘he other visoal sensations ia Ghat a black-white, a black 
‘lus, ete. (unblke a green-blue, 2 red-bive, ete), cannot 
‘be made to change ils inteauty without at the aime tune 
changung its quabty. The only way you can make ¢ blue- 
black, for example, brighter is by making it at the came 
time iver, winle a blue gree can have the blue and the 
Grom bath increased an (subjective) antensity fare pars, 
‘Thesimplen way in whch to understand this te rappose 
that the “black physiclapeal situation, exactly Tike 
‘tha black" physical stuation, ia something that cannot 
change in intenaty. This total uxbomaes of the whitish 
greent and the blackish greens, for example, was first 
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pointed out, very scutely, by Profesor G. E. Maile. 
Hsing costs this dicalty by sopping (2) that the 
“black "process changes, and (a) that It doet not change 

dy of the lght-senstioa proces ; that (unkike 
ab the otter deal seston bends, the gine yellows, 
te) it in td to” i, i « definite way. In Hedag’s 
ew, the “Diack” process dmiaishea exactly an the 
white” process creases. This a « posuble way to 
smnet tha dffcnlty (t0 ase Mr. Troland's happy pheese) 
“qcademiealy”"; but it as more an accordance with 
swuple methodologcal prnciples net to introduce an 
‘atmption which fas to be immediately couatered by & 
vecond asnuziption. It ss simpler to a¥ond, am th Sat 
mance, this jompng into a bramble bush. 

1 appoas that my theary of blackness has just been 
uscouedt moe fay by Dr. Neve ia the Pryekalptat 
Rensg for 1924, acd by Mr. Michaels the trae Renew 
for 1935 (pp. a4r and 253 of thu book). 
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PUTTING PHYSIOLOGY, PHYSICS, AND 
PSYCHOLOGY TOGETHER 


[2 sacs that cimprension of the vast cast of 
facta azeady well known cegardiog the chromatic 
secestioan jan made practically mo. progress since «he 
aye cf Heimhoite vw (tt these facts are somewhat 
cequilly distributed aaioog three diferent scvences, and 
‘hat consequently there no one wo sable (or, mt at, 
‘willing) to hold ther alla band at ence. (3) Iinportent 
‘work by Hecht has been appearing in the last wx volumes 
tthe Journal of General Phymlegy, which makes. 3 
‘qute certain that the iubal retinal process s8 & photo- 
Sheol one, aad that the lightematree tmbetance 
ccncemed i the primutive waste of the rods is the maze 
tubatunce (at shown by st subjectweanteasty- 
iutnbution) as Dhat in the cones. (ut Hecht here over- 
Jooks the fact that the creussttance that the sensation 
sa the same, that of whitenem—the haus of my colour 
‘heory—is sirady an sretragabie proof of this ientity,) 
(2) Mott wapottant of all of these contnbutons ux the 
fac that Konig determsed (1892) the actu! conmutvents 
of the trenwceptor real phote-cheaeal procesmt by 
enna of ectablishmg (after proper chenge of the 
independent vanables) perfect comnadence between 
noemal tetrachromatie ‘anon and that of both of the 
two types of ataviste dichromate vison. This 6 a fac, 
however, that, by  mazvelloss chain of accidents, has 
been overlooked by the phymarts themeeives, I have 
endeavoured to restore tt to ts proper sgaifcatos n the 
‘Sppondex which the Optical Socety bas pemnitted me to 
swt to the Enghsh tramistion of Helmboltz. @) The 
‘entrbation of Prychology to tha tbject fe a) the lping 
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own (1888) by G. E. Muller ofthe fondamental principles 
‘hat must govern the formation of any theory concaraing 
the newo-paychic comlahors, and (8) the wotk done 
by Hering during his Sity year of eaagnifcent actinty 
(ded by a large body of studeats both at Prag and at 
Leipzig) in showing mccenfully that the so-called theory 
‘of Fielmboltz s no theaey at all. His own theory, bowever, 
‘exnta only by deaying the great Helmbolts fed that the 
snitiel photo-chemical process i & triceceptos process 
{nm ntoch pleased to o0e that Howel, in the gth edition 
ot hus Phynology, jost out, bas adopted all my 
terminology). Im oeglecting Henng’s theory, however, 
the phytiest has unfortunately overiooked the fast 
‘which made st a neoanty—the fact hat both elie 
Aoel wise are simple wntary sensahons, 110 mattee what 
ther physical bans. In conclusion I permit myself to 
quote from a letter just recerved trom M. véron of the 
Collage de France: “Il ext certain que votre théorte 
cooale le muewx les fats m complexes relatifs au 
fonctiomersent lumneex et chromanque. 
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‘THE REDDISH BLUE ARCS AND THE REDDISH, 
DLUE GLOW OF THE RETINA: SEEING 
YOUR OWN NERVE CURRENTS 


(A. SUSELE band of ight ca ght thrown upon a 
‘semen ia a dack room gives rise to & very carious 
Phenomenon —deocvered ia the rst instance by 
Purkaje.' What yos see on the scree is ot only the 
red band but aio, projecting out from xt oa both tudes, 
tig slightly sedis Boe ars ‘They are not of the colour 
af the viaual purple, which Ww a slghtly blush red. If 
foe conaders the bape and the angular nae of thewe arc, 
‘tts perfectly plain that what onc acon, a8 an entoptic 
phenomenon, 1 certain bres of the ophe nerve whlch 
eg Cha 
td ext point, the 

ut why re tny ce? The explanation that as 
been ven of this phenomenon hncherte, by Gerte and 
by others is that the necve exrrect by whch one ooo the 
red und ives se to « wcandary current in BAjOIRNg 
hecve fren. Such x current as this, owever, would not 
he provided with the sight” place coeticvents "—it 
‘would not enable one to sce the stiatated fibres in the 
place where they be. Let me pst this hypothetical 
‘Gueston : Suppose that ome could lay open an optic 
fterve bre all the way from the xine to the occipital 
Jobe of the corter, and suppore tbat one were to pinch 
vin half a doves diereat places. The pinching af this 
1 re we af Patapon wt 
nap mye tw tan piptsarean teow 0 er ot rf 
Sie so te teste noe tom prndncsd oe Coe- 
orate reckon, Joteen Sreguaty Opee Ommuas Pres > 
Same te 
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nerve flrs would gre one & Light sensation (ather 
chromatic or achromatic), but where would that genention 
‘be een to be 2—not, cextanly, 1m the balf dozen diferent 
laces in which the nerve fbre i pinched. The sensations 
‘would one and all soem to be mu that chrection zm the 
extemal world wach it m ade-to-ont correspondence 
‘wath the red or cone in the reuna fram wich the fibre 
‘wluch ia pinched has come. We have the same station 
‘when the man who bas bad his Jeg ampatated at the tee 
Jhus x nerve flire prched—be fels ¢ sensation of tckhng 
(or something}. but he feels it not in hia mee but in the 
all, ar the to, of his foot.+ Its, therefore, plazn that in 
‘the case of the Bluo Ares of the Retina no poutible verve 
‘current evoked in adjoimag brea by the Sbre which 33 
conveying the red-ight exotation would eouble yon to 
we thove fibeea—the actual place coefBicents altached 
to a sensation produced in this way would be entrely 


wrong 

‘There another neuperable dificulty un resorting to 
any sot of a nerve-Sbre stzmulation as the oun of the 
reddish blue aca. An after image of thes blue ara ox” 
‘beoblasned ; exe gets semsation wach zoet the reqeae- 
‘ments of the after image both m achromatic intent and 
1m chrome—it 6 of a tightly gomesh yelow. But aa 
after mage does not occur after & samulation ofthe visual 
taecbanumu by an dactre cerent. THs axe would have 
Teen mchaed wasuncuvely to take ax self-endent ; but 
1thas now been proved beyond question by the wock of 
Lasaref in winch he Sally demoostrats that nerve 
Acton 36 aot subject to exhaustion. 





To expr dns wena the peyhspat be ad of snes tn 
{em nar 1a wey the ple “tal age” ts te cae OF 8 ee 
satoe i Tlie meg fe mayen, fe ace oer 
‘Rowap t tak tne we bewe hott to Go wrk oe aca ment of 
manent pet at a wc wing cigly Epepene pace 
‘aeticeate a he opr fe fo Uns fret atcen'to he Pare 
eehan Soe nho Kite, Den“ ine amen da Asap 
Pair 2n J mgewende Potsngs Lp, Hath WE 

Taste, Cp rade de Anan es Smt 828 


NERVE CURRENTS ay 


“That nerve fibre when stimulated gives off some sore 
of an tiuavation which enables it to tal is own photo- 
(pagh las now been proved by Nodon*; aad it i> 
Derlectly cary to mppose net ta emanation” may be 
Of the nature of viable light or, at lens, of a nature to 
Dprodoce viable ight by tesns of Asorescence, which iz 
tows to occur in the retma. 

Various datas of this phenomeen—the tine plow, 
‘which hes bees enlrely overiooked by most observer, 
Ube abecace of the eect in the cave of individuals who 
Ihave myelinated res an this region of the retina, and 
other couuaratons take if very certain that xfs real 
fcaune ‘un cton! light emitted by the exated narve 
fibres, It would follow that ll nerves when exated 
shine by their ows ight—a ight which i visible, of 
courte, when the nerves ace mot nocemyeisated. One 
thas not” discovered thus before, beeanse, although one 
devotes mach tame to wtadying the excted nerve fore, 
fone dove not do xin en absolutely dark roors* 

| Ser Compr mass ec ee Asem de Some, 2 
2ocm sept» SOe, ana Semen, 1787. OR IO DAT. IMB, 7,10 
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‘EINE NEUE THEORIE DER 
‘LICETEMPFINDUNGEN 
(4 New Theory of the LightSensations)* 
[BBs etet wisn man gp rchts ber es, wat in der 
Netzhast vorgebt, weun des objektive Licht in 
Nerveneregung umgewandelt wint—man weiss sogar 
techt, ob dieser Prosess physialicher, chemischer * 
(oder dlektrischer) Natur ist. Alle Theonen daruber 
sind notwendigeswete ran hypothetisch ; man kann 
fue nur als beuristsch wertvoll ansehen. Jede derartge 
‘Theane Dravebt, um exstenaberechligt au seu, n0C 
fenen volchen Process anninehmen, welcher dit 
Ercheinungen naturgemass und einfach eridart, obne 
‘mut tnteren anderea wohibegrundetea phynologischen 
‘Anschaoungen in Widerspruch 23 koramen Dre Ausgabe 
feder Licktempfiacungstheone bestebt mamkch allem 
‘dann, eanen Netzheutprovess axrunehimen, wekber en 
mibgllches Verbindungrgled swschen den wes Bersichen 
dts puymkabach Feststebeodsn und des psyehisch unmt- 
telbar Empfimdenen ist. 
1 Te end et of whch nay No He Part of thm va 
‘wr ainvact An expeomon A append ts Mind 8, Yel 
Theta eee 
Tne ban sow seccmalate 6 Ge afc that the proce 
1 lly 4 pictncbemca con, ars fet aly amc nthe 
‘Gatry wich atom Tada sr wth aang bt schema room 
(od the rrting nen rnseoa) ar ban tat tape 
(Gprainem ast apperizo whch coaaate ho waren aes 
‘Fesour vasa canbe teased fr Hess tesco ota ery 
1 epusing bi nf a cos pS) ny Do lek 
(a coreg sada the on, ragmata ewe tht 
(om of ight ce the ume a a Rt ot moses 
‘Tasduendv fh cheacal yrocem noe tow braun et wack eae 
by He (oe Joona of Gwe! Phys 07, wah TART, fot 
‘ts paper eh erases atone Chat wt ah pins 
a copa posranemaa! mucicn—twe pati of Oe Seavey 
‘en Oyen ot ightenntvsebtane cc as cairo age 
‘sua vebeacy int a cae forms Wieck ns ences ore] 
9 
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NEW THEORY OF LIGHT-SENSATIONS sar 
Jee Theotia der Lichteanpindungen us ia die cbea 
eergelamsens Mittelepalte einen ingierven Netahaxtprocrat 
‘qnfilvren, welcher tine maturiche Verbindung oder sin 
‘Zwischenttadeum rwischen den beiden Seiten bildet. 
Deo Anforderungea z. und a. ward durch die Young 
Helmboltzache Theorie gen dgt; ebenso auch dem ersten 
‘Ted von g.,d. b. der Thatsache, dafs doe Mischong aller 
Jener Farbenpaase gleich amsneht. Dye Tatsache aber, 
‘dai man ihre Bertandtule nicht walroakmen kann 
{anser Bewufstsem macht soar keme andere Aussage 
it grofaerer Bertimmthet, abs die, dafs din Weitsern- 
Plinding nicht eine asehing der Rot-, Gran und 2a 
empfinduagen it) wird gumhch wgoonert—<d, b. we 
‘wird in dus duakle Getvet dex Urtelstauschunges 
For den Prychologen ist abo jedentells me ein Grand 
‘vorhanden gewewen, diese Theone anzunehmen, aulser 
deznjenigen, dafs memand cine bemere eufgestellt hatte.— 
‘Die unter 4. eewahnten Thatsachen kann moan eaf Grund 
ver Theavie war dalarch erklaren, dats war alle dre 
Farbgummplindunges unter yeoen Umstanden wirkhch 
Ihervorgerufan werden, dais dieoes aber—was auch die 
objektive Heschaflenheit des Lichtes sein. mag—dusch 
‘ane ungemeine Bonhaftgbett der Natur tets im glechen 
Grade grachicht. Solch eine Eridaring lasst oatfilich 
‘yal au wunschen ubng.—Was due negativen Nachtalder 
betnflt, oo hat Hering darch czne grofee Ansahl hichat, 
gexchiciter Vermoche de Unmoghchket bewinen, se 
ddureh daa nach der Bemidung noch vorhandane Eigeslicht 
dec Netzhunt xi ecklirm, we dione die Young- 
Helmbolts'che Theone tat.” Fe ast algo unumgtaghch, 
‘une andere huncaichendere Urache #0: die negatren 
‘Nachbilder snzuzeiomen.* 

Den logischen Fordermmges tinar Theorie der 
Lichtemplondungen ut veo Henng m varzuglicher Wese 
2 Desa Himng due fer Kocmmmtenchenengen pret At, 
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aeniugt warden. Aber, one anf seine Arschasungen Ober 
ie Heliginit naber cnwagehen, weise ich doch sof de 
‘unubecwindiche Schmenghet hin, welbe fir seine 
Throris daria Begt, dale er den Ascimilirunge- und 
‘Dissomilerungsproacsomn Funktionen zmchrefbt, dle mit 
en grandlegenden Ubersmagunges dee Piryologen nicht 
in Elniang stehen. 

Abgechen vor Hennge Theane, obt ex kine allgemein 
Dekaute Thoori, welche cen spendwie gelangenen 
‘Vervuch gemacht Bat den oben aufgentees Forderungen 
sm eateptochen. Die felgence Hypotbese stelle ich nicht 
‘us ce caatltige Hypothese der Lichtemptindanges ani, 
sondern vielmels als ome symtolnchs Dantellung exer 
Hypothese vou der Form, wis sie unseren logitchen 
ordarungen evnigermatien gentigen iann.* 

‘The Haoptpuakte tener Thaone betteben an der 
‘Aanahme folgender Exgenschatten der in de Netsbaut, 
‘vorkonmmdea ptotocherisches Substeseen 

1, Der Verbundungsproscss zwischen den phyaikalischea 
‘md prychachen Vorgtiogen bel der Lichtemptindung 
Yolltucht uch (wenugviens zum Tel) als Dissozation swestr 
Acten von Moleitvea, die wor als, Graumolektle " vad 
 Farboamolekle esechnen wolles.* In deo. uneot- 
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‘wickeltea Foren dee Gesichtssinnes, wie sie in dec 
Netshant der total Farbeablindn, m der Netzhant- 
Peripheeie der Farbenttchtigen ind b8cht wabr- 
Schealich in den Anges veler ninirger Tiere vorkomomen, 
alnd mat Graumolaidile verbanden. Sie beaiehen au exper 
usseren Schicht, deren Atome viele vernchiedene 
‘Scirwingongypenodes babeo, ued einem inpecen festen 
Kern, Dye photochemische Zersetrong dat Gramolektls 
Denteht in den Leeresen dieser aumeren Atomschicht, 
welche nun zu emem Eneger der Nervenendigungen 
ward und die unmttelbare Unache der Gras-(Weim) 
Emplndang ist. Diese Zersetoung wird hervorgerafen 
dure alle Atherschwungungen des Gberhaupt mehtbaren 
Lchtes, jedoch am starkaten durch den muttleren Tet 
dos Spéktrmms; man Mann villacht annehmen, dain 
‘die Azaabl der Molekule, die €ureh Licht von dex verschle- 
denen Wedehaage seat werden, propartonal wt 
Ordwateo der Kurve der Intea- 

ttcovertlung in Spe daft Patvenbiodens 
‘Dye Farbenmolekale sind aus den Granroolalclen arch, 
im der Wate entttanden, dats dhe Atoone 
der Aubensebieht ach nach deo Richtanges verachieden 
‘gruppierten. Diese dre: Atomgruppen waterscbeiden sich 
durch die mitteren Schwmgungspenoden det in ihnen 
‘efndlichen Atome, id dees dra mt teres Schoangungs- 
‘penoden atummen nun mat denea gewsser dra tatwachich, 
vorkcmmenden Atherbewegungea bere: (One epic: 
now of electron rather than of atoms) Durch 
olches Licht werden die entsprechenden Atomgrppen, 
und nur diese (oder fast aur diese), loygetrennt ; und die 
30 entatandmen dru Zonetningsprodaite rufen aun die 
rer Grindempindangen ervec. Tae Fahigkeit der 
Lachtbewegungen, eine salche Atomgruppe Ibcrutrennen, 
ssa hu uhvornicuun_Dot vier rg thre no geen 
‘hat arog smecatacs of beck wok wes crea ante Sean hen 
(rou dek Un back tad wee we" aaagueue” elem tat 
‘re mrve Hack etd e ae ges} wane more of the anes 

‘Taketaner wie tha gbpect of coe ae bmn 
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‘ning: von der Geoatighat de: oben erwibnten hers 
‘simung 2b, Fal Licht ener mcht Gbewinstummenden 
‘Sehwingungyperods suf die Netshaut, wo werden ied 
‘Atamgruppen, uber jade in genager Ansabl, Jogenssen, 
‘olen evel Grandempinduages Beevor und erugen. 50 
ie (tur das Bewuaeteia aoch geonsehtea) Empindamgen 
‘er ewichenliegenden Ferbentiae 

"Un die Fmchadeniait dar Parbeamoleictle ti werug au 
‘vasionicben, habe ich uo dach uustehecde Figur 
sehematsch dasgeselt, a weber die venchinden 
owe Ansdchneng pach den dre Rechtumpm im Rana 
Gis verschuedenen Schomgungpperioden der betzefindea 
‘Momgrappen symbahach angesten wll 


ati ha Daerenserengs dr eumern Sch der 
‘Furbeeitide oar ack ewes Ridtungen valzgen, vo 
Yabea ‘wir dihromatache ‘Farbensytemr—de Wok 
bt Ga und Blas een 

. Went ene Misceng veo Lact meer venhlednta 
Watlangen aul die Netshaut fat so bewicht {oder 
Berandtel de tim egeatemlche Zeeteing, ubd an 
complet fn allgensinn, grat wt in dem onea chen 
1 eh tags in pi Pa Mam nS oe i 
‘Goyette etn gn do Gr 
Soe ets peng roms beet ct ot 
‘stare ese 
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Yestricbenm Fall, anch ene Mischang der Grundear 
Plindungea, Die rot-blaoen EmpSindunge untercheiden 
fsck von allen sadam Macherpincungea dadszch, 
‘als sie var durch soiche Moschungen entries, 

3 Es wind jedoch Michungan von objekuvem Lichte 
aeben, weiche dr Eigenachaft haber, Ge Grier Atore- 
‘poppen fa glicher Menge lowstrennen Ferdurch aber 
Snisteht coke aervenerregende Sobstans, weiche gene 
dwalbe Bexchafiesbet hat, win die blue Schick der 
‘Grecmolekale; we Bengt also snch dieaebe Emphindang 
tmacvor, Dee Erriger er Rot, Gtin- und Blavear 
pladngea sind fa summmengeommen pinch den 
Semucheo Bestandteiea der eulseren Schchtea det 
Graumolakile, Sie habes jedoch ave gettennt emstert, 

die diferesnertea Farbenmolecse thr sibetandiges 
Lomeaten erooghcht. Dass alo Lichtmschungen Yon 
omplementaren Wellelangen gece ‘Empfiadengeo 
hervorrafen, wid anf Gren ianee Theore (wie jeder 
Dratarbea-Theone} dadaseh erkdrt, daeaa jeder sokdiea 
Falla diaaiben Netshautprocase vorhandeo snd ; dam 
ber gerade diese (und frame anderen) Mochungen, vod 
Netahautprocese: ane Spor von exer Mischemplinding 
wedbrochmes iasen, at ee Folge davon, dass i diesen 
Fallen die Eneger der Facbosexptindugen geoau on 
teichen Meogen eoisteben, daus sie dejeige chemche 
Sabetans erreugen, welche de Gravepfonig verumacht. 

'¢ Dar aunachenbche Entsieken dec Grauempfingsag 
amter dea ubeigen Unetardes Tass sch 35 folgender 
‘Weise erkren. In dee Netshact der total Farbeablinden 
sndin den exzestnachen Teen det Netahast der Farbeo- 
Tuchiygen sind our de useatwekeiten Graamolelule 
vorhanden —Iot dau obyektve Lecht schwach oder aut 
cenen sehr Klemen Tel des Gemchtslldes beschrankt, 
40 werden nur die Graumolektle in gealigender Menge 
usoauert, 2 mame Eowphndung bervermaruien. Wenn 
tuch einige Furbeu-Molekile seretet werden salen, 20 
fmt doch seberverstendhch das Vorbandeasein eizer 
Emeguog vberbaopt viel leichter waibrrunchmen elt che 
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spesitache Natur dieser Eevegang. Nur bei Rot ist dies 
‘cht dee Fall. Das rote Licht let in ache geringern Grade 
dea Grauprocels aus, und sex speruischer Bestandtal 
in der ven ahm vermachten Gosamtemplndung st 
edeutend—Bel sehr satenver Helewchtung empandet 
‘man wioder Weiss. da die Farbenmoiciale, die echoa bei 
muttlerea Inteuntaten Ieicht reretat werden, fruher 
ls dic Graumolachle verbrsueht sind.—Dio dra Setzten 
 Eekiicungen " sind nur Ubertragungen der Teteachen 
‘i ie Sprache memer Thearve wud bnlden riven wesent- 
chen Tel deraciben. 

'S. Die negatives Nachbilder aber erfordern tu einer 
Efklanmg tn vollas Suze des Wortes die Auistdlang 
fewer Theone von der Art der meiniges. Die parttell 
dimamerten Molekte sambch, derm loxgenuener Tes! 
schon eine Farbenemplindang verurmacht at, sind 
‘nfalug mm diesem beecuidigten Zestend forta- 
Deatehen, wad das allmabliche Freswerden der ubngen 
‘Teals deo Moleculs hat das Entsteben derjengen 
Esapfiodmg, welche de schon empiumdene Fasbe 
mum Wens hatte exgansen ornen, aur notwendigen 
Folga. Um dim durch ex: Bropeel deathcher xu machen, 
ohne man an, dase rotes Licht ee Zet lang anf die 
Netshaut witkt ; dana haben viele Moleknle ihre die 
Rotemplndunghecvrbengenen Atoegrapen vere; 

salche mvollstandig zermtzte Molekle bertehan se 
ange Ze doch wit Yasand ptt Beet ab. Durch 
don allsuthliche Ausezanderiallen ihrer bau- und 
Glomrkenden Atomgruppes bekommen wir die 
Bruchrinung, dfs die RotempEindang sich allmahlich 
mm dine Wastempfindung umwandalt und sogar, wean 
das objektive Licht berabgesetst wird—eoch mebr aber, 
‘wean man du Augen achhelst, [oder eine grunt Fiche 
anuebt]—in eine Blaagronempindung tbergeht. Die 
‘Komplementarfarbe des Nachbdes wird also durch den 
almablichen Verbrasch veratiammctter Motekle hervor- 
{gebracht, welche nun mutzios geworden sind, deren 
Fihguet abec, m iesem helbomrienen Zastand 
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‘Ldhteupbndangen 
suru, dase aber die Sttbchen svch eae wchtige Rolle 
apielen momee, da se cise vet dtalche Struktas haben 
‘mae Zapten, end dove Zaplen a der Netahactpenpberie 
fast ginslich Iden. Wenn moan abet ansimint, dule 
ie Zaplen Fasbenmalule vor der baschnebeoeo APL 
centhalter und abo Grsemplcdanges sowie Farben- 
‘enplndangen hervocbriagen, Gai aber m dea Stabchen 
kur Grewocalsle vorbanen snd, ako bit ‘nor 
Grovenopnihingrs etstehen, so wird die Anordamng dec 
Elemente der Netabast gas vectandch, Schr 
interesante Vermche von Bogen Fick? erlauben uns, 
faigende Beanbangen retain Netsbautsevter sed 
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‘Em besseres Belspiel voo St. Milla ,, Method of eoa- 
comiteut Variation” wire schwer mi imden! Die 
Netahast exes total Farbenbinden ist bia jetzt nia 
‘ustersucht warden. Sollte ex sich engeben, dasa eine 
solche Netahast aur Seibchen und keine Zapfen enthialte, 
so ware dies eine glinsende Bestatyung meiner 
‘Verutang ; wenn nicht, o kine man doch annehmen, 
dass hier each in den Zepfen keine Ferbenmolektle, 
woadern Grasmmalakile yarhandes sind. Der atavistische 

de Form der 








‘wenn dime Vertelong der Netshautprotense richiig st, 
thin BeschaiSenbeit deo Anges in dieser Hinaicht ine 
eoave Wiederbolang derjengen dex Gebtrwryanes 
Sat; anc im Ore Daben wi vermutch cnen pylo- 
enetnch sehr altea, {in seinem Bax) chr 

Sostandtell dea Orgs vod rebea thn einen bochat 
Wwickelten Apparat im Zerlegen det affnerenden 


ell et, Scingungrpaici ain mvtcon 

dee Grumdempfindungen legen zersetzen, wie rch 
schon Samet babe eno vehi peibge ah 
vou Farbenmoleatlen ; dieses kimmte ror Erklirung 
der sonst nicht eridacten Tetsache beautet werden, dats 
dig Mischangen vem Rot und Grin nad ven Grou und 
Blu wenger gesattigt ansehen, als die Grumdem- 
‘Péindumgen * 


3 (Mn fact tat ne Me pts ot ths “doa tacit ad 
eatin nein ofthe rman = fs came T pare st ate, nw. 7) 
‘Wonton to ada vo many ft i tne peers nt 
(cee your grow seey aise pet te aacorry uy 
[Eade (adepeodealy of ech edher) by Max Schein sat Parcmed 
ston be cil Gt 6 pee mane momen) te Schl 
Panasot Patten et ear ory) Ths uae wach mao 
Gon bymtin © Kew gery ery un gle anit Y Bi 
Eo ces tae erat mt ge tat wa ocd tas be 
[bgt ot tbe copes ot te clot mae [oe shoe) 
‘oul eer tae tan Sond 

"Hine, Homdtech dr Pre! Opi 3.2 Ack. 
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Anfser Herings Theorie sind ewei andere (@ie aber 
vwenig Auimericumkelt ecregt habec} verifietiicht 
‘worden, die dazasibe errechen wollen, wie die verllegende 
‘Theorfe. Es und dies ciejenigen von. Donde? und 
yen Gollec! Letztere ist wins phymbalische Theorie. 
‘Die von Denders at eine chemache und der vorliegenden 
sehr abslich ; ja ahr at aber dhe Vormunsetring von vier 
Grundfarben (neben der Wenserspinduag) ex weseat= 
Iicher Bastandtel. Um den peychischen Tatsachen vélig 
ini gencgen, scheint es swat abtig 20 eeln, mer Grund- 
fasben anrushmes, denn Gelb sieht micht wie ene 
Muchfarbe wus—dock gebt es exnige Tatsachen, die 
‘ach bis yetst nur mut ener Drerfezbentheane veratigen 
amen, Dietes and : x. die Teenaung der dichromatischen 
Farheoryateme io zwar bectzmmie Gruppen (Rot und 
Grinbiindhet}* 2. dats 4, wt A. Komg und C. 
Dietena bewiesen baben, Farbentone giebt, durch deren 
Wegfali ans dem sarsalen Farbenaysteme mch die 
Farbenverwechselungen der Rotbinden und der Grun- 
‘bhnden eiaren lamen.* 

‘Die ewel letzterwhknten Tatsachen sind aber oehr 
mnehtig ; drum schant os nicht xweifethaft zm sen, dats 
tm dem jetzigen Zastand unserer Kenntninee cme 
Dnfarbentheone—unter sonst gleichen Urutanden— 
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Teh erlaube mix, dle Punkte es relapitulieren, worin 
‘meme Thennie sich von dea jetst berochenden unter- 
scheldet. Sie nimmt—wic die Young-Helmhattzeche 
‘Theorie—drei Grund-(@rben Jempindungen an; che 
Weleenptinduog aber erklart aie mcht als eae Muchung 
von Facbenempfindungen, sondem als durch einen 
selbetindigen Proms verurtacht, der jedoch auch 
‘entataht, sobald die farlagen Prozesse in glacher Menge 
vorhanden sind. Von der Henngwchen Theane ist ale 
dadurch verschieden, 1. daly che Grundtsrbenprazesse 
phytiolonsch begrefbar smd, 2. dats se och fuz 
Weispromes mummmersetzm, snstatt ach iaandar 
«xvfuaheben usd even dane ubrig mn lassen, und 3. dats 
‘ke (WoUT ch in dieser varlantigen BGtteliing die nahere 
‘Begrtdung leider wntezlassen mats) nacht mscce sart- 
Auchen Helugheitsbegniie an Verwsrrung brngt, wie 
durch dle Heringache Theone geachieat. 

Berlin, den 18, Jub 2892. 





APPENDIX B 
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‘DR. TROLAND'S DISCUSSION OF COLOUR 
THEORY (SEIFELD) 


|] meant papers cotled “The Enigma of Colour 
‘Yanan Troland dscntses vanous hypotheses of 
nerve conduction which would account for the facts of 
lumsnonty, chroma, and chromahaty ia ealour vison. 
Hos fertile m suggesting pooubalsties. I shall bmetiy 
sommanze the sggestions that are sattered throughout 
the paper, und I shall add 1 word or two of entscam, 

He thal that the theonss which assume retinal 
actrnty to be the bass for diterentition of coloar- 
‘sensations are too mmmple, and he finds reascn to balieve 
that colour divrimsation 1s # function of the oorter, 
‘Accordingly, be builés up the conception of « complex 
‘groupe related cerebral processes. Itt correct, ofcourse, 
fo say that there roust be some character an the fil 
eottical process which corresponds to every character 
1m sensation ; but if 1 by no means true that this may 
rot bave been uured by characters already given to 
‘the visual process by what taces piace in the retina. For 
‘ootance, uf the change from one hundred wmxty dit 
‘ximinable colour tones tn the spectrum to thrwe oc four 
or five diferent retinal prooaes and dicnminable 
rixtores of them has once takes place in the photo- 
chemical prooest of the retma, #t does uct need to be 








‘Hat Troland, btving as be thinks succesully shifted 
2 Ament Jura of Pigmcopest Opec, el. 1, p 317, 98D, 


wt op oa 
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the function of exlocr digrimination to the oattex, 
immediatdy end cheetily reinquates ‘what be int 
{ought s0 bard to gum, xDd runes toe question ts tothe 
satue of the variation in cree coadactio wach rel 
i emmcterste cremate vin. If we weet el for 
fh explanation of chramebe vinon in the manner “(a 
wise the several component of the vazmal procera 
Toprmented to the nerve eondocton at vations neural 
foros, hal lo eanpiec than 40. eseome Gin! tach 
‘hanetocs are xed atthe very egg of the proces 
cf acrve conchae (or rather coeaty in the mutha 
Photocall) proces), and are ply preserve 
eth tranlecene of tarve stumaaton at each ymapee 
stoke a ced en Pioeeal ue eee 
tt which the ext coarse (i co seaman 
foanste? There wil be. no occasion for” any fra 
fprataty of procemes ix the cortex; Dut, eotove, 
to tran apeciicy (tt ech hing at be yellow olan g 
ff what are plyncaly the regres that ane has bao 
{mindy canbe produced, om fiom ar, 1 UM cortex 
oue, a est, tat could, by any chance, be a tre ep 
deatative of any character of the axeratllght-world. 
“Tere most be (o fa a4 posible—tiue isthe ai) a 
cuetoone carespondence ‘between phytcal hght- 
frequencies and final semation and benoe Asal cortical 
‘rocewen, To get tas, Chere mast be (oo ix ax poms) 
{he same apecibcy in not only the cel potochemseal 
‘rocens bt also 10 (x) each avccranve peuroa aod (@) 
yespee an (3) final cel body. No speci which not 
reserved m 2 given stage cas ever form ict eguin i 
Ii ngs, betce avery epectty which oconth in tha 
final conlatd encical yet snot have it exact repre- 
sentative in exch distinc’, diferent event na preceding 
Mage. Thus say be added fo the coon of G2 Mullet 
Wat thang is the fal senntion fand bene also in 
the hnaterationl ores) wey Be eoourentenyehars doen 
bab and may, by tome oabeward career In soe 
tymepe or nent, be leet on the way up. ns hain of 
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cxanected events, 4, B, C, connected 20 that each, 32 
Sl it Oetala, a» caused by (though it may be very 
Aiierent fom in ita Gracter—as Glen, for example 
a5 the chemical substance which is a nerve excitant 
iret from the nerve impulse which it alginate) ite 
‘uumedite precursor, asything ay be loet tnt mating 
(Chat 8 nothing 2 the wey ofa Sredh, rue, repeeeatant 
of external mature) can be added oa. ‘The rests at each 
Jevelof change may be, m the tous ofthe mathemabclan, 
sonetoone change, of « many-ioons, but it cannot be 
4 one-to-many. 

‘The "all or none” peociple fr the response of nerve 
‘issue indveates that the impalse which pases aloog & 
nerve fibre is Incapable ot quenttative varigbon. 
Gradatons im actrnty are explaied by the aumber of 
nerve des ina parser nerve that are simultaneously 
1m actioa. “roland beewes that be has praved tha sane 
Drnaple to hold for the opt nerve fbres; but nce 
{the case of aght the nasser af bce 
an ction fs Feserved to Getermme OF Zeoogsstiln of tbe 
trem of the rein wich w stwonlated, he suggets that 
‘he tranamstion of vanetcns ia intensity of fumulaton 
(er Tamenomty) mast be expinined “by means of the 
conception of nerve {mpulze frequency. a weak ampalee 
fending fewer ‘onpales per second slong the optic nerve 
‘bres than stronger wopalbe 

Since the “*all or none” prineple rules oat the 
pomibihty of more than one typeof vernton ina mngle 
‘herve current, and ance it was sanszved thet ismanouty 
Aipeada upen the Sequeney of fmpalnes, st would veer. 
4 there were noting let 9pon which color tone and 
‘saturation (dhromatiaty) gould depend. Is coatre- 
dstsscuan 19 Ives, Exner, aad others wo have proved 
‘at hanoaty i am expect of the chromatic valence of 
4 simulation, Toland suerte chat the colour tone 
and “maturation” enter in culy a miner way into the 
iiws which govera Tuminasty. “le thinks that the 

tae ot ety 8 18, 
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Iumuonty may marly be @ proportional “*scom- 
paniment ” of the chromatic value of a sensation, and 
pt an jategral attribute. But af the omnesty 19 2 
‘Proportional accompamment of the chromatic value of 
42 sensihou, 1 would somm as xf st would have to be an 
{integral attribute, because 2 change sn the propoction of 
Inminosity would mean, since the proparton ig x fixed 
Proportion, for any particular colour, a shift in the colour 
‘value. "The amount of Iumanosty eccompanying a 
fngle chromatic unit of any spectral hue would depend 
‘upon the postion of tha hee relative to the vanbility” 
curve, and upon the inherent mfuraton of the hue ™¢ 
‘This emounts to saying that luminoaty ‘upon 
ce depends 

‘The function of complementation, Troland believes, 18 
to restore or to preserve primitive schromue vision whea 
2o sugmificant deviations in encryy distribution from that 
‘of sunhght exnt among the qrven viral stirvul.* Bi 
‘why cead & purposive iden snto a stnabon, when it is 
simpler to conceive 1f as a reverman (made inevitable 
by the mature of the development of the colour eanse) 
19 a more primitive type of Fespanse ? 

‘Troland then discusses a umber of posnble types of 
funchoaing om the part of the retinal cones on the 
aswumpten that the cooes ar, in fect, dffereatated into 
‘three Kinda’ One mggestion is that chromatic valne 1 
determined by the oxstral coachaniem of comnternction 
‘betwen the several cone systems. Thue central mechansem, 
selectvely weights the frequency of the etpective cuenta 
for purposes of neutraliraten under the canditions of 
solar mergy or luminonty dystnbution. And ws addition, 
‘the three species of conducting nerve Sbmes might difer 
fanetionally as well xsi their connexions. The individual 
Ampalses might have different characteristic explitude, 

beet ak a 28 sant. 

Vinee wap oe 

1 har eaoreyng the ted grove aad Sine aeatetoes, Lop. oy 
wine 
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mggention 
iierencea might be involved in the neural propagation 
‘of the visual quakes? "The central mechanism might 
consist of @ specs of neuron formmg eymaples cOd- 
comtantly with the required number of optic nerve 
flores, combing ther frequencies when they were out 
‘of phase to form a new charactentuc frequency of impale 
pattern.” Achromatic sensations would depend on the 
‘exact ¢yuchromam of adjacent impules, while chromatic 
‘stan would depend on charactenstc devations from 
ths condition. However, there 9 jast as roach reason t0 
‘suppose that the conditions Troland aasames mught be 
reversed ; the exact synchronism of characteristic 
‘adjacent impubes might reralt ex chromate vino, whle 
‘chromatic sensations would depend on deviations from 
‘tase condations, 

‘At any mute, with the weight of compstant opeuon 
nelined to favour the seantvnty ofall cones to all colour, 
At seams idle to speculate an differences :5 conduction 12 
aflerent systems of cones." 

‘Turning to 2 connderation of sungle foveal cones as 
captble of exercitng all the fanctons of tachramabe 
‘tion (telrachromatis vasa is what be means, following 
‘upon an mtu! tr-receptar process 1m the retuna), Trolang. 
sll thinks that changes n pase relative to ome standard 
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required.”"! It is not dear to me how advanced and 
‘Tetaned phase contribute fro cosnter-eflective variations. 
TL A ~— B represents the dilerence in phase of bwo nerve 
currents, and A is considered as advanced in phase over 
1B; then it follows that B is retarded in phase compared 
tod, Nowunlss A — Band 8 4, although algebenicaly 
repeeemting the same quantity, are qualitatively com 
sidered diferent by ‘Trolazd, this arrangement results 
‘m one and not m two counter-eMectives. 

Sul! acether ponubisty he parats out fen fo the fdea 
of impube pattems and groap freqomcics. “The 
indindual nerve pales could canceivably be spaced in 
Qiflerent chaructenstc ways to represent the yarions 
coloura, kaninosity still depending pon the total number 
of pulses arming per wut of time, A stream of rapid 
ampules conld be trois op by gaps of different sorts, 
these paps only being detected by the central colssr 
reoniving appamtus, which may be too letharpsc (of t00 
Jong « refractory perso) to pick up the fester series which 
control tuminomty perception.” * Tht telegraphs 
‘teanmnusion theory ‘of chromatic impresmons. would 
‘explain complementation ” by tbe necidental mentraliea- 
‘tan of ous sach varnation by another. roland over- 
looks the fact that such “ accidental nevtrahrat 
‘would not explain the dette, predictable, processes of 
complementation. “ Accuiental” aa hardly tbe word 
to desenbe the conditions under wisch “ complemente- 
‘hon occurs. On the other hand, { see no reason why 
some “ telegraphic " conception of chruma transerimion 
ray not be made vse af without inching Troland’s 
dea of complementaten. 

‘Troland thinks that the extreme sasitivences of the 
retina Uurows doubt oa the simple chemical theories of 
its operaton.? Tae retoa 15 seamtive to stomol so 
ght, he says, a8 to be inapprecable In axy except 
the most nghly sensitive physicochemical system, 

dion ceva 94 Steet, hae a 
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‘There is, however, no reason to suppose that the retina 





peobably 
replaced them by others just as fanciful. What makes 
1b paper of more permanent anerest ots teeta 
ofthe Ladé-Frankhn theory of color vison. Nowhere 
‘else in any of lus writings does he criticize that theory, 
cd i ts to be samimed that he counters thin Peper 
nent ofthat theory au be can pve. 
How far short we fel he ful of grasping the tru reich 
ad sweep of the Ladd: Franklin theory wl be raced 
below. 
Te att poanbe to arrange an onderofsment raking 


i 


seems to be attempting the ampounble. Yet ths ig what 
Dr, Troland tries to do im bus paper. 

After chemmssing the clavss for consideration of the 

Hemholts and the Henng theories of colour vasen nt 
Sencha 7 
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Inadequate to explais all the facts, he i gratified to note 
the increasing popularity of the Ladd-Franklin theory 
{Se thinks "that ls bane outlines ae probaly exes 
te any autalactory ehicidaton af the visual process". 
Mowever, this theacy “ postulates the enstence ia the 
‘eta af conditions of sensation af the ecrt required for 
‘the procemes an the cerebral cortex whch directly 
underlie the vasusl coascioumess, but which art not 
required and probably do not exist in the case of the 
reuza”" 

‘The reason seems 0 be that wile ” sophisteated 
views male the retwal process the chief determinant of 
vvimal perception” and “a still more advanced can- 
ception would lock upen the visual projection areas of 
the cerebral cortex as of pre xmportance,” yet “an 
‘even deeper azalyus indacates that the cerebral processes 
which imumedntely determive the cheracter of the varmal 
conscousness gcobably he m the so-called association 
tareas of the cortex ”. 

Tr Wshard to see why any one bok ma the entire visno~ 
raeural chum of events sboold be any more important 
‘than any other, and why a theory that stresses the 
function of the visual a1sociabon areas of the cortex: 
should be any " more advanced ” or yndxcate a" deaper 
asalynis" than one that postulates distinct photom 
‘chemical changes in the rods and cones of the retina 
‘when stimulated by light. 

Certain tt fs that any pecakarsty of the continuous 
‘procean invoived woald be, natarally, retuned ; but no 
‘ew one can suddmly epcing up an the cortex of any- 
‘where ele which ie not sbsclately canted by its imzaediate 
‘Precursor. "If the noo-unitarmaseof a ped-green has once 
dimppenred ma favour of 2 umtary yellow (indy 
tingushable from the yellow gives by = otain physically 
‘unitary wave-length) at cannot later be recovered from. 
Troland seems Tike one who asks the old question, 
“Which comm fit, the hen oc the epg?” and 


DR. TROLAND'S DISCUSSION ag 


then elaborately sets out to prove the primary of 
the ben. 

In following out this Tne of reasoning be argues that 
the evolutionary relationsiups of the Ladd-Frankin 
‘igual molecule must be detached from the molecule 
and be apphed to the developmental conperoas of the 
severul component procemes ‘which are anvolved in. the 
“colour fanchoct of the cerebrum”. Mrs. Ladd- 
Fruakho, Lam sare, would make no objection to having 
the general schema of her ight-aenaitive molecule applied 
to the interrelations of braun processes rather than to 
‘those of the eheaucal emsitaents of soch a substance 
an the retina, providing such ex apphcation verved the 
‘useful porpoes of mare clearly accounting for the facta 
of colour vision. I doubt whether she would egree 
‘that Troland's suggestion does make the facts any clearer, 
‘Aloss ofa red-green seme, for instance, J it bes ance been. 
‘acegunted for in the retina, does not nocd to be vepurntely 
‘aroounted for the cartex. Once los 1st for eves, und 
4 second mechaman of lass n the cortex 8 not required 

Ttisto be noted that Troland acknowledges the suena 
oatuze of the Ladd-Franeln explanation, bat that kus 
‘objection 1 to the chemeal action of Yhe molecale, 
If we resort to analogy, rt 18 clear thet = theary based 
fan chermeal action has mora grounds for behel than one 
based on hypothetical interrelations of uniczown cortical 
processes. Furtharmora, Dr. Lad¢-Frankimn is now able 
te point toa chemical composné-rosaniiz carboxylate * 
which posmesses the vary properticn she sxmumes ber 
‘etinal molecule to have. Tt cannot be said, therefore, 
‘that from the chemcal pount of view thry “lacie realty”; 
from the peychalngcal punt of view, as Dr. Troland 
2am himself shown, they are actaslly ” espeatisl” to an 
‘understanding of the enigmatcal fcts of calour. 

Tf at seeme necessary, a Troiend thinks, to educe a 
function for complementation aside fom a reversion 
to the more generic response of yellow for the red-green 

* Ammen Sacpebabe of Opuaatanany, ve, 7 2A 
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sand of white for the yellow-blows, it devolves upon bim 
‘to explain what is the inherent nature of this fection. 
‘auch that neither the red-biues, the blue-green, the red- 
yellows, aor the yellow-green form antagonists pairs 


‘THE LADD-FRANKLIN THEORY OF THE BLACK- 
SENSATION (NEIFELD) 


[Tis wort of note that sa bal the extensive teatare 
dealing with colour vison the subject of black has been 
bardly mentioned. Te i not so remarkable that ach 
the ease. In ouly ane theory, Usat of Hersiog, it black 
made an esental part of the theory. Imallather theones 
the explanation of black, the noo-lght ensatinn, stands 
of falls adepeadently of the explanation af the chromatic 
land the achramate Uight-senmbons. Consequently, 19 
these, very ttle mention gade of back. In the 
ening litecature, black w axturally very rch dscusved 
—tontly, rt rust be admutted, an a very seonseonatal 


“in mtr en in he a Fn 
asc, en eet et tn 
CEA ene abe eee” eter 
expermentallen Prychologre goes = good account of that 
seen te ee Save 
Sew ie hay no seis he Se 
Sib eearae oe noe 
age 
estes Se Paley ea 
eos 

Th Spe eet of hep 
on od EUS en st 
Phat ee eer Sere eae 
caused perhaps by endogenons retmal processes—or 
smote probably, by the pressure of the fnida within the 
Slew gh lieantie comes 
Pine aitas won ay 
fitment pepe gee 
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contrast (the exporsr of adjcining regions of the retina 
tara atoag Tight 
‘That Dick i/o eesttion fellows from the most 
ciommtary introspection. At a poychie eatty back 
in fortes real as any of the otbec van ements, To 
dma of back aa he negation of al acnation, af oot 
{Tite Ward, is nalvey to asvume « relabon of identity 
‘tween aime and edecte pure fancy. In Che thet 
senserepens it 3 true that the absence of « stimuli 
felts te producg oo fect, bot whi tha my be 
1 tnficest 8 not an ‘adspensable correlation® 
ike oll olber senmtions, Back 38 our sexpanae 10 a 
ciate station”, Dut, paradoxically covugh, and 
‘unlike all other caves, the definite situation win the cage 
‘of black the complate absence of stimulation. In other 
words, when we look at a Diack object there 1 no hgbt 
feted Yack to the eye by tat object, thee 2 oo 
{acevnty set up in the rods and cones, end there 1 no 
relayed to the bran by the optc nerve, It 





attached to a cortical siteation of ynactvity or rest 

‘of zero atuulation, st 
{follows xguun that there is only ons intennty of blaccea, 
‘Thare can be but one degree of nero. Sensations ot grey, 
jue. Diackwhite blends, are made up of ths convant 


i 
: 
f 
i 





‘hat the wadigoe itberetan mame acamectfnemare, © LAP” 
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sezuting grey becomes not only beigstar but aleo whiter+ 
Tn ¢ calour Bend, on the otter Band, ixcreated ilizmina- 
‘Hon changes the brightzess but not fexcept sometimes 
‘very Mighty) the duromatic guaily. [That is to my, 
iT you Rave © Blaegreen of © given proportion of the 
‘ie to the green you can change the subjective intensly 
of the doal colour Blend by siving It an Demination of 
A Righer objective intenuty, but you wil not by dhe 
ame change the poprn of the Wome 0 tht 


OTe fone of Heng cake Back and white one ot 
the three ("antagnnisie ") Gaappearing coloer pairs 
{has often enongh bees poanted out fa the Uterature chat 
‘the couplng of back and white destroys the very 





‘re 1 —amanens ah Somes eagle Mc 
symmetry of the theory that it ix aimed to prodaoe. 
Cocaplemuctation in the case of the other 

solour pairs (the oeyellows whics mite to prodoce 
‘white and the red greens wisch site to produce yollow) 
produces a smeation which partakes of the nature of 
‘nether of the twa members of the antagoaiatic pai. 
nthe cchromatic pat aqeilriom reals 2 an analyoabie 
ual blend of the to origisal companents of the 
“ antaganintic” pate. To mobs this ple at all workahle, 
G. B Miler toond # neccesary, in the interet of the 
‘Ferng theory, to introdcs the aunumrption of" constant 
|e ghar Dende the sate of az ance stem 
sent ang aay act ox ome bashane he oor 
aay pony tan a oe 
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eutral grey” sensition, due to two cortical proceses 
which re assumed to produce, coastantly, wnvanable 
send equal amounts of" black “andot” white”, Haring’s 
syvtem thon becomes tuniclngous He assumes the 
seutmea of Back and wits, and alto of & “‘maan grey ” 
‘which site a blend of black and whits. But an ade 
‘toga amrumption sil aecousry, ame avery Smoprobeble 


WA 


"ton eng od coisas mated 

secpie tecogartboa of tact rather) 
he Lad Pane Bry the acest 
ort phymal carat ar tals od hat 8, 


VAlaun 


gap atc gute fs ange of ert 8 8 
eiwsae Tete to wick modded s rasa ack 
SUS Sante Rivas 0 seen poco 

consistently with thus, a background sentatioe of oon 

“ytenaty ” (or amoust) axly. 

But the Ladd-Pranldun colour theory urvcives ao 28, 
explanation of wy we teoe 4 senaation af blackness, 
Tihs fact thot blk ss cocrelated with a non-ttomlated, 
condition ofthe retina can be almoet paralleled by the 
‘ase of tlncs ix hesring. Sideoce is ant yet =. defnite 
secustion, tut if condoumem fount it eecemary to 


i 
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attach a definite sentation to a situation of sex0 somal 
such a seamtion would undocbtedly develop. We are 
Derlupe on the way to it. We bave sired the phrase 
By alee thet can be lt“; that os, sensed. if our 
ature auditory feld were Sled with sounds, and if we 
Ind lady ‘Geveloped datiate’™ place-ocficents "? 
for sound, then m tone places where sod was absent 
‘we might well have davaloped « “ alenoe sent 

{fo take the place of nothmgness. Thee w to occanon 
for dys the cae af somnd, bawever, because oxr wbity 
to lacahae sources of sound ix very poorly developed, 
But in the cave of via st m ddderent. We lve every 
moment of ou hes a vanal Seid. We are monary 
‘of every point of this #eld whieh is giving usm Ugbt- 
senuation.” Brauks in the Geld dow to the abvence of 
stumating ight, noch as would oor f we bad no bck 
‘peamaeamdion, wonid be decidedly wnpiesast. | What 
‘wonld ‘otherwise be ““eowmic holes" (as Dr. Ladd 
Fraaliia has called ther) ia our spaco-iekt bnve been 
‘avoided by the fact that they are led up with « definite 
poo-hghtaensation, that of blackness. In other words 
‘when # portion of xpace wouk! jntrode ital into’ com- 
Seaunatn only becaise t aroused awareness of its vacant 
place, when, chats to my, the cortical aren in question 
1 ot tat, the the convenient sexantion of blac aries. 
‘A mere prnitive oye tia the huzsin wool perfectly 
well, of cours, be able to distsngnish between light and 
the abeesce of hight even if there were ao seastion of 
Dek. Au organion posoming cach an aye might 
‘pve the proper expanses to lamaneserat objects without 
Demg interested m having the whote vscal Geld lle su 
In othr wocds xt fllows from ths that x :3 by no meta 
certain that the blacknessessatie: arose woth the 
Ddepnning of vincn* 

" uceconiams De Tada art tae the pan of 
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“Tho Lade-Frankis thnory, thea, 4s far from belag 
unable to account for all the phenomena commected with 
‘he senautnn of Siackneas, aad atthe sme tit permis 
‘Dteasouable eaplaoetion of the pesting qoetion why 
‘we have any smntion of Sackness at al An back 
{orme in ommiion a nxple dual colour bad with whit, 
‘codvith all he other colours in exactly the bane wy, 
to this theory ropremnis it dna to” an independ 
Piyetologia! situation, and thaw. avoid ‘the como 








a 


THE COLOUR-SENSATION THEORY OF 
‘DR. SCHANZ* (NEIFELD) 

[N28 lamue of Zezchift far Phat for October, 1938, 

‘the late Dr. Fritz Schans posnted out thet scientists 

‘cannot agree on either the Helmholtz or the Fesing theory 

of colowr vision, and that a new theory 8, therefore, 


required. 
‘Nowhare in thus paper ded Schans show that he wan 
‘aware of a theory that by a higher eyntherin taicee 


‘ol bots the Mekrlalts and the Heng ett 
of facts, and that most satstactorily explains the cor 
heated phenomena of coloar vixen. The Ladd-Franidin 
ery evdenty ed not eet foe an. 

Schane propel © thicry based on photecladtns 
‘pbeomma. ‘remnrches have thrown light on 
‘the nature and action of phyweal light, and on sts absorp- 
fie by mate en wich le. Tos action of bgt on 
Snorgunle and orgaauc substances, particularly albureen, 
Ihas been extensively investigated. It bas been shown, 
for example, that the albumen of the lens of the eye 18 
probably changed by the action of light so that an tame 
ft Joom ita stsly aalnble mature, and the consequent 

‘ralts in om of the power of accommodation 
‘with age, that in, in change to far-aghtednem—and ix also 
‘he most commen cause of old-age cataract. 

‘Other researches showed tbat rach changes were 
canted caly by the short wavelengths abtocbed by the 
‘ihomen. Other albament were tested with similar 
remults, and ance protople: conta exeatally of 
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albumen, Kight must sect living substance in the same 
say. ln nature, however, the foog weve lngils alto 
ave a photobolone effect, but the substances acted 
‘upon are always bound up mi sach case wath the presence 
of seustizers, wich ace pigments méimately associated 
‘wih the aoumens, 

‘Tosts have bees devised which show that the Hallwachs 
phenomenou—the ommion of dectrans by uhuminsted 
‘matte~aluo occu in argame substances, and sa a mare 
sntense form. Swee light cam oaly work where it ss 
‘aberbed, the same or eamiiar pheoomena svat be at 
te basis of vinon. The cours, at Seat, Schanz thinks, 
‘can na Jouger be regurdesi ws the vase senative elements, 
Decause they cansot absorb the visble wavelengths. 
‘Theve are absorbed, according to hum, by the pigment 
cof the prgment epxtbeliam of the retina, and we must 
fumume that electroas are caused to be emitted by the 
‘hight v0 absorbed just as in the case of numerons pig: 
‘ments which have been iavertpated by him and by others. 
‘The roda und cones simply act as a wort of ware netting 
to mmtereapt the electra alter they awe bom emitted, 
Different wavelengths give nse to electrons of & 
eharactenshs veloaty. Where the electrons enter the 
rods and cones they give nse to a cutreat that proceeda 
throngh the aptic nerve to the cortex. 

‘Ths " action stream “, i¢ 1s asmumed. in yentica? with, 
the electric current that’ anses in the texting of photo- 
lectnie ecnasons, and the currents mest therefore be 
upposed to bare similar propertes. Bross and 
Kotbrausch have shown thet She curent of the optic 
erve ariamg from stmulabon by homogeneous light- 
raysia charactenic Sor different wave-lengt 

‘Von can, therefore, be explained on the basia of 
sonvitalste and wellknown phyncal phenomena. 
‘The theory suffices as well, Schane claimed, for the 
explanation of all the attendant phymological and 
imieal phnomens. Take, for example, the ease of the 
albino. “A survey of the literature shows that snthout 
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exception pigment ie potest in the pgment layer ofall 
Xibmocs, even when the rest af the eye and the ret of 
the orgiaian 1 eabrey free from pigwest. There w, 
Dowever, another very endent fucwon which would 
scavont for the presence of sach pigment. Ths I shal 
‘dncuss later oo, 

‘New Now, Schanz asked, ¢ chromatle colour vias 
caplned by thin theory Ip the fst pce, diferent 
swavelegitt are associated with different velosten of 
the electrons, and so the pure spect calours are, 
Tut nature peesent> seany colour maxturea which are 
Deyeticlogally undutingusable rom the easabone 
(pen. by sone iatermadiate bomogenoous ght: 
Frequencies. “When such gst ray maxtares are expoved 
(0 the eye, lectrons of dllrent veloatves are cuted 
sumultaneously by the pgment layer, It 8 4 matter of 
fact that these bght-ray rortures awaken the sme 
‘mpresuon in the cortex as the electrons of a single 
valoaty To explan this phenomenon Schans assumed 
‘hat the eletzons in thar posmge to he cortex tetually 
tafluance cach other. ‘The faster ones accelerate the 
low ues, and the slower ones retard the faster cues, 
ind somewiere lovg the path a mean velocty  atained. 
Uf they reach the cortex after attaining a mean velocity, 
the colourseasaton wal arm which « charactenstc 
of tha electrons wlach have travelled the entire peth with 
4 velosty which the mixture of electrons fast attained 
si tha ond of the path — In bot case, leetront of the 
fave valotty rach the carter and swaken there the 
same cerebral actinty. 

‘White am a senaahon arses when the electrons sb 
taseously traveling tothe corte cammot stain @ Tan 
‘yalocty before reaching there The sensation. ancused 
‘willbe win when the eeczrocs show max diferente 
1m velouty. A smaller diference in veoctien prodnces 
‘ chramabe soustion, The chser tether the colours 
hue to each other in the spectrom, the wmaller aze the 
Gilerences in the velciuce of the electrons, and the 
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quicker they will reach a mean veloelty in their path 
40 the cortex cad the more saturated the resulting colour 
masation will be. 

‘Schans tao exphuned the Purkinje phenomenon by 
‘thus theory. The electrons canted from the pigment 
layer by red ave & slower velorty ot, what fs the same 
thing, a lmser energy than the dectrons emitted by bloc 
ight.” Tn the dim hght the frat cannot act any ‘more, 
‘whe the latter still cam. Schanr eyndently” forgot, 
‘bomever, that the Purkinje phenomenon 8 now abeoltely 
‘explauned by the character of the vincal purple. It has 
‘een thoroughly catabtahea by Garten that in an int 
madute stage the rod-peqroent becomes yellow. Its 
cotoplament 1 los, and, therefore, 1a dian light blue 
‘becomes too bright.” The fact that the blue end of the 
spectrum becomes not only brighter bot als whiter 
firmly establishes the fact that the Purkinje phenomenon 
in wrod phenomenon. 

‘Dr. Ladd-Frankla has called attention to "the 
‘extended Purtanje phenomenon "an which two whites” 
‘which were absolute matches for the lght-adapted eye 
appeared as of diferent brghtnes for the dark-adapted 
‘eye. Thus was due to the fact that the brighter" white” 
for xotopc vinoa ad more grees in the mixture. 
[Now the visual purple js purple beoanse it se absorb 
green ight and reflecting red and bhne light. Green 
Tnght in, therefore, the effective light, and benoe 1 15 
‘ott intense in vootapee vision This remlte iz a shut 
am the relative brightness of different pacts ofthe spectrum 
and moves the manmam baghines from the yellow 
regioa in photomee vanon to the green i scotopic vision. 

"The suthor eds the paper with the statement tat hus 
‘theory taken ints account the sew data on light, and that 
it alo bases the theory of colour vain on known phyncel 
laws without resource to the witalistic hypotheses of 
Hebabolts and Hecing. 

‘As pointed out at the beginning of this review, Schanz 
ignored entiely the existence of the Ladd-Franklin 
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ehaory, This may be # case of the esinch idlng in» 
bbead in the sand to abut off the view of what he woald not 
see. At any mate, it discloses far from a scientific attitude 
1b deliberately pam over in silence = theory that Imding 


‘a facts of colons ra0D. 

To begin with, any theory, es this one, which stresses 
‘the part played by the prgment epithelia ax the inal 
stage m the intra-corgoreal vaual process {als to take 
account of the extraordisanly accurate spatial co- 


2 
‘constitute & sourea of matrition for the hughly developed 
retina, oni! that they are az absolutely necessary means 
for the absorption of ght which woaid otherwise be 
rwflcted, and rerefected. In high light these cells 
‘vend down black crystals between the rode and cones 


‘cone, it would ampair their function a8 determsners of 
‘plice-coeficients, 

‘The distinction thet Schanr drew between vitalstie 
‘and non-vitalistic hypotheses is somewhat bard to follow, 
‘apdit is equally hard to see why » ucn-vitalistic hypothest 
‘suanld be any more decrabla than a vitalistic hypothesis 
‘Moreover, it would seem that any theory that sttampted 
to explain the how and the why of any sensation murt 
peo facto be a vitalistic hypothers. Theories of colour 
‘Vinoa arecf ive sorts. They either clude a new theary 
cof nerve conduction, or they do not. Schant's theory 
fnelndaa @ naw theocy of nerve conduction. He says he 
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aves a vitalstic bypothetis, but nerve impala a5 
ecessanly vitalatic. He seems fo think that he has 
reduced his theary to establiabed phymeal laws beoruse 
he bas identited cerve conduction with an electric 
current, and that the fact that at 1 an electnc current 
ramuficiet. We know now, however (Forbesand others), 
that the elecine current is not enough. An eectne 





the mere presence of an electnoal 
current dous uot mana that there necessary goes with 
sta complete nerve smpalse. 

Schanz atlempted t0 meet x dificulty that Janet H, 
Clark, im an mdependent paper oo «A Photo Electric 
‘Theery of Visum} pabbabed, cuncosty enough,:n exactly 
the tame month s6 the paper I am discussing, entirely 
overlooks, To explain why lght-ray nuxtures give 
‘ose to a sensation indistoguabable from that excited 
Dy the cormeaponding spectral colour, he assumes that 
electrons of diflerent velocities mataaily miuence each 
‘thar so that they attaun 2 mean valoaty before reaching 
the cortex, and that thus velocity w the same as chat 
of the electrons of the corrmspondmg spectral colour, 
‘There appeas te be no particular reason why thus should 
be #0. If yoo grant the anmumphon thit electrons 
mab along the nerve paths to the brain, st requces a, 
conaderable stretch of the emanation to assume thet 
the mutual saterferece of valocties woold follow any 
‘tuck regular laws at the theory requites, and that any 
‘three definte velontses would secure the ascondancy 
roquared to accouat fer the fact that the correlate to 
coloursensation in the retusa ws < treepter process, 40 
‘that cambmations of red, graen, and bine are exficiont 
to gve you allo the one hundzed and sixty dssriminable 
colour of the spectrum, and also {uu combinatian with 
‘Back and whnte) the whole one or two millon dis 
‘crmanable colours of nature. 

‘Why would not the mutual mteraction of thousands 

font of Opel Sosa of america, 152 
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of diferent velocines give 2 chance remit much time 
rather than the definite, predictable, mean velocity here 
required? Or agam, why aot asin that the lctrons 
of diferent velosty travel ade by nde without mutval 
interference ike tins runnszg on paral tracks? 
18s tne that the path ofan let cae approaches 
‘the murace of the condcizg medum with tcrense 
1 the velocity of the current so hat at & muficeatly 
Ingh rate of velocity the currest pases ently along 
the outnde rather than the mde of the conductor, 
‘hm the at cancepton would give & rue pete thas 
Sehana's mppontion. 

“The explanation of 2 senaaten of white—the sxml- 
taneous arnval atthe covter of elactrans with « maa 
difference in velocity totally inadequate. The 
‘stumpoons made would rat not m a detnste, dierent, 
sensation, ad certanly wot ua the ecanstitutan ofthat 
pmmave’ vensation, whiteness, winch at the colour of 
the whale spetzim to the lower anals and Wao £0 
when ght of any waveength # responded to by the 
rerls only. Nothing, w fact, bot the Ladd-Fraakin 
‘ew, that a eves red-green blue combaation ett 
revert tou promtive wiste, wil explazn complementation 
Unlcation of oar present knowledge of the actonl develop 
rant of the colour sense 1 esentad (0 a comprehicanon 
Of the true nature of colour. as Mr. Toland has pointod 
fut, wih much aextenees the Ladd-Frankha ‘teary 
1a sts bane outros 1,” probably events to any sas 
factry euedation ofthe wasval process” 

‘Aitbough some attempt is ads to explasn colour 
complementation, neChing 6 sectioned about the yellow 
cooratntive colours, red and gree. Neither are we 
hows what lad of veloaty-terferare pheooaene 
‘would explam negative efteramages (residual ages) of 
santrast ects. 

Schanz dumissed the hypothesis Gat csmumes the 
presence of light seasitive sulsteooe a the cones, 
Doouuse thme have mot yet beea ulated, Further 
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‘more, be follows Hess ia bghtly brushing aside all 
diflermom between the sction of rods and cones. Tt 
ig a general peiseple of phynioiogy that functions vary 
‘wath diflrmces in stractare, and the relatively simple 
Zatomical structure of the synapees of the rods at 
compared with the synapece of Use cones would lend ms to 
‘expect « ore complicated mode of reacting for the cones, 
‘oF 2 more epeciic senativaty to the raze order of stumals, 
Sehaaz, however, found It convensent to roject the wiow, 
an soalty well extablished, of the striking differences, 
‘between rods and cones both in structore and ia fanctlon, 
‘und be asbuzed that hey ect alike un antercepting and, 
‘trammttung clectrocs. Farthermore, is consepbon 
1s preevolutionary in character, and mecnfices the ght 
‘that a gmetic theory ebeds ox the evolution of the 
colour seewe, 

Te may well be that sm time a mew by will be 
evolved that will explain the facte of colour vimon even 
‘more satutactonly than the Ladd-Franklin theary dos 
pro, ot Wi Bot be the thea arenced by 


v 
BLACK: A NON-LIGHT SENSATION (MICHAELS) 


"HE smusstinn of black a subject which has roonved 
‘Very stiefmamteriick trextment at the hands of the 
poychologiste—in fact they have (wath the exoeption of 
ering) very seldom treated at at all. That they have 
‘bom vary negligent ofthe duty of devoting some inteTagent 
‘connderation to this eabject » proved By the fashion 
‘which they have permitted the vaganee of the Hering 
uory to be debeved 1a for so many years Tt 
fem that « moment's attention to the ample tacts 
‘easatvon. would maize 1¢ mponnble for any cansasntout 
[person to think for a moment that there is an) 
""antagonietic” m0 the relation of black to white, or to 
any of the other colours (to axy ef the chromata). Black 


Hi 


i 
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colours ere chromatic: the other two, Waite and Black, 
fare achromatic. Of fve of hese elementary colours, 

‘the font chromatic senuations and White, at 
fan be sud that they give roe fo am mtenmty serie, 
(Blazk has only ome degree of extents. 

‘Black is « nom iigh-consation attached to soo smpnlaion, 
‘Many agree to this, but an ther eagercsess to explun 
‘the occurrence of thia blaci-emextion they depart widely 
from fact. For instance, Titchener 
deed, ia whoDy « contrast seauaisoa 
stynulus; and you me deep black only su strong 
ittumnaves.”* This» semply wrong. You see an 
absolute black yust as well af ct is an afternmage of 
‘lite you do oat a cote to an wd. 
white. 

Tn strong iMinminabos a black object reflects a good 
deal of white Light, with the resalt that we get maf a 
deeper black but 2 less deep coe. Zero stomulation 
‘with vomething added so longer ppvee us Black but 
Black plus another factor—n ts oase a lght-senaatioo, 
namely, White. When black 1 not an abvolote black, 
‘out a blend of black and white, st i commonly but 
vanecewnly called grey. But dlumuaton is not 
estential to oor getting Black. We cam get a perlect 
Black midac two different conditions: 

(2) By meacs of contrast (exhaustion of the Lights 
fective betas) prion! by a warounding Wate 

(2) By manna of the “ after-iago” fexhanstian) pro: 
duced by pre-exposure ofthe ret to a bright light. 

‘Tha reason that tbe presence of an adjeoent or af a 
preceding white is necessary in order to produce an 
absolute black is thet the permetent eelslight of the 
retiog must be extinguahed by means of exhaustion — 
‘A soxbght smastioa is exectly what the term implies, 
‘ero stimalation As soon as we mtroduice & new mediums 


‘Dahan, 2B Baga’ Popa, 7 








BLACK a7 


‘of stimulates we are not in a posibon to my thet the 
‘sensation wo get ~ fas no physical stimulus”: ilmuna- 
ton introduces « light-seamtion etimales by 1s reflection. 
from the black and gives a black-white or grey. 

“ Black is aa much a sensation a8 white or any of the 
colour len ; yet it w not due t2 ctmulation af light 
‘waves at all”, says Warnt No oun eax object 
‘to ths statement, andit covers the ground veryaccumttely. 
‘But sn ordar to devise 2 ccrrelate for Black, the follomng 
1 added, “ though to get absolute Black-sensation same 
mushy region most be stimulated by ight.”* Warren 
‘fongets here, however, that previous expasure to a bright 
Taght o just as good @ means of securing an absolute 
Dlncknets us sf « saeroanding white, 

‘AD (he sstheate ussumptnns made sbout black 
‘m an sffort to make the Henng theory worl become 
unnecessary at toon as i¢ iv assumed (what is the sumple 
fact am the case) that 

(2) Blackoess a due to sero stumalation. 

(2) ‘There 18 10 posnbakty of varying the amount 
of Black. “You can anly change the ralaiae amcont 
im 4 bladkewinte bled, and that by mermiung the 
amgunt of she, 

‘We cannot speak of different sotensiies of Bleck. The 
Constituent, & light-sensation (sluta), which combined 
‘mith it to form grey, cannot act at the same time to give 
it degrees of intenaty. The peculiar nature of the 
BW wenn is that zt 1m at once a quality series (hke 
‘the blue greens) and an iatenaty series (the white con- 
stituent Increases in antensty as the stlomination 1s 
stade stronger and stronger). It was to explain tht 
that G. E, Muller intradoced the wholly mnnecesary 
‘conception af a" cortical grey”. 

‘Warren, quoted by FrObes and others, says that the 
Ladd-Frankln theory gives an explanation of sll the 

1S Repe 2 stmt of seman Pt 7 
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phenomma of aght except the smsttion black As 
matter of fact, the theory Dot only explans that sensa- 
ton, lt if alo makes it plain wy we Kews, in vin, 
4 sensation (Black) attached to sero stumulation—what 
cccury, of esoree, in mo other esuse regioa, I quote the 





‘ane value for eero, we get only ons degres of subjective 
ndensty for Black, and the senes of greys ws m renult 
of the change is the subjective wntensity of the White 
constituent. The proof for ths is not dificalt. Take 
1 bine grea with 2 oxtan proportion of bluecens end 
‘greenness, and itis possible to see it in different degrees 
of intenalty. Bat when we try to give x grey graster 
| pet a now abide aSenety Cay Mack sn peoaaoeee 
creel helgoeed weneten, ek come ite evden whee Eat 
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LAFER DISCUSSION OF THE LADD-FRANKLIN 
THEORY OF COLOUR (ISRAELD) 


JN 8 nineteenth century for the Gat tune & sene3s 
sftempt wat made to devise some reasonable theory bY 
‘which to hold together—to unite into one all-embraang, 
‘conceptico—the physica, phywologaal, and prycholagrcal 
facta ofthe colour-seasaticns, Of the four-sore and more 
different schemes that reaalted, thece remain, for worth- 
‘while discoamon at the present time, only the famous 
‘thearins of Young and Melmbolts, of Hering, und of 
Ladd-Rrackin, All the remasning theories fall into the 
lines of either the Young-Heimbolts or the Heriog 
theory, they assume a8 the elements out of which the 
‘many ‘ducriminable colours are bault up either three 
chromate senaatoas {ax the facts of colour-mang 
Semand) or else four chromatic sensations, together 
‘with white (as is demanded by the facts of sensation). 
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cxplain, more or es, score, it explaies all at once by. 
smeana of one bappy conception based wpan neglected 
fact—it han nevertheless not been at once 4 Widely 
accepted a3 it deserves to be. It's evidest, however, 
‘hat that auton is now coming to a end.” Typical 
sway of eating the subject are reprenated 12. two 
Teomt books—the Paylology of Woodworth and the 
Physits of Ceow: an one the theories of Helmholts anit 
of Heng are given the brsfont posable mention, ia 
the other they are hot meationed at lL It may be worth 
‘wane, however, in view of the fact that éucing the past 
few yoara there has been considerable Gscundon af the 
subyeet, fo g9 over the matter ogais. Ths paper wil 
rake a bret warvey of thas dhicamoo, and will present 
fouse of the umportant arguments Advanced for and 
‘aqunst the theory. 
1 

‘Tam Lapp-Feanim Crrmua oF 4 Coxoon Taxomy 
nN to adopt for considering the three colmr- 
necks actaced chore pond bet rela’ fe 
‘mutual reyusraments” which, acoarding to Ladd- 
Franklin, ought to be met by any colour theory. Her 
{our suggested caitera are: (3) the fact digoovered 
by Thomas Young (and megniscently confimed in the 
Mbaratory of Hebubelts}—that ter Light-atioad are 
seficent, an physical cause, to wtart up al the retina) 
‘hoto-chemical proceso; (a) the apparently contra~ 
Sictory fact that neverthelee the arncahoma a78 for Bt 
mmber—yellow and white bave been somehow added ; 
(g) toe very Mlumnatang act thatthe onder of dealopant 
fof the colone see can be made to acrount fully fr this 
‘momaly sd abo far (4) the complete con-oecorrene 
of the relgreens and ofthe yuiow-bieen”* (We adopt 
‘he very important sume tat v. Kris bas megested 
{ot afterinage, contrast, and other phecotena of tht 
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kind te propoted to all hems“ accessory phenomena ”.) 
‘Thase four reqalrements then will now serve ax a guide 
for a treatment of the Ladd-Franilin theory and ss 
entclamt of the older YougHelmbolte and Henng 
‘hearse, 

Th Grinds Ashlee, “The el domed Wy 
‘Thomas Young (apd defanitively peoved by the work 
of Koaig and Heimholts)—that three light-stimuli are 
suffcent, nsx phymcel cus, to start up all the retinal 
Photochemical proceases.” "Laccardo da Vines held 
that the primary colour are red, yellow, blue, green, 
‘white, and Diack. Newton sought to camnect the 
spectrum (wbich be was the fit to éscover] with the 
mumsienl sale. It ia related oa p. 92 of the Ophehs 
hhow Newion and his amstant divded up the spectrum 
‘mutthematically into something analogoaa to a muucal 
‘scale, Houston pomm’s out that he was dovbtlees 
{influenced try Kepler's work, the Harmomces Munds 

‘by the Harmowies of Ptolemy. Tae doctrise of the 

‘Music of the Spheres” was at chat time peculiarly 
attractive ; it inapired Kepler to “ discover the third 
tnw of planetary motion, and upon this ew Newton. 
‘built hia theory of gravntation."* Bat it was reserved 
for the dutinguished plyncst, Thomas Young, et the 
‘Woginning af the last century, to daecover (what Newton. 
‘came very near to discovering) the fact that three epecifc 
lughtrays are sufficient, when mjved, to produce matchee 
fee all the colours of the eainbow. “Helmbelts later dja 
large amoonnt of expenmental work on these same linds 
‘Ta work in What a8 known as colonr-muxing ; a better 
name for it, however, 19 (Lad¢-Franklin) “matching 
by mixture "—for the reasoa that no atteaton is pasd, 
Jn this yume, to the colowr prodaced by the mixing. 
‘When gue mixes blue and grees oue gets the coal colour- 
Deeds, the Blue-green, which is simple, bot when one 
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redhat demands explanation, Coloursmuning_ is 
2 vey wsdegsats soeoont of the fata of clear. "The 
tiple “ matshiog by mixture” che Yoang-Henholer 
theary tales apooint Of tet an no explanation grven 
of the extracdinary rece that may attend upon this 
‘munng, ¢ would be better if we were to apask of the 
‘Thomas Young fas of csloar rather Gan ofthe This 
‘Young ihory of coloar. Aa wel Known, the Hering 
‘ory soles bo atte to expla those fact, ad 
indeed us ealirely contrudictry to them. 

2, The" appatertly coatradatory fact that naverthe- 
loan the eouatoes are Sve im masabes— yew and white 
aye bom somehow aided. itm on account of it 
failure fo even fecoguse ths fact thet Laad-Frisklin 
Than callad the Young Melmbotts ‘ory only at. Dest 
‘three-fifths of a colour-theory. For « hundred years 
Phypicata have been Prychcaly calow-bid to yellow 
find to white. White i Dot, at it should be by that 
‘theory, a reddish-greenish-biue ; it 1 8 dimnnct, unique 
tnd wntaty colouraestation, ‘Furthermore, white Gan 
‘be produced not only by the muxture of red, green, and 
‘ha lights a the proper proportions, but alo by maxing 
yelow and bloe igh. Agtun, there are many arcu 
nom (the totally cloud, our owm penphery ef the 
‘tuna, faint bgt and the lower animals) where 8 not 
rodond o:tofany mg, bat nthe only calor exh 
by the whole spectrum.  Neverthle,the thre tna 
tion carvan ted, gree, aad ise, wade out by Kame 
in the laboratory of Heizoite and confirmed by hit 
four cases of yellow-asdiloe viaen, remain far and 
inwuy the ciott important work yet dane a cla. 

Tt war forthe purpose of maiing good tis ned defect 
of the Halmhnltz theory (the ormimgion of yellow and white) 
that’ the Hering theory was devised, The preset 
rites thin is mat by the Hsing and the Ladi 
‘Franklin theories bet not by that of Young and 
Helmbots, 

The very ilumcating fact thet the order of 
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deoslopment of the coloar amse can be cde to account 
{ally fox the dlsappearance of the red-greens (and of the 
_yaliow-blues) and the appearance in ther sted of yellow 
end of white)”. 

‘Yellow, although = primary and unitary exlour 
ensation, Is dae to 4 secondary photochemical product 
resulting from the combination of the red and greet 
‘leavable portions of the caloarsmolecale. White may be 
‘produced by x combination of this escondary photo- 
‘chemical product with ble, or by a union of the red-greea- 
and-bhe ckevable portions of the colour-molecule— 
‘bat amnce its the case that red and green umte Bret aud 
‘heir product thea unites with bhoe, it mony be said that 
‘on this view (aa Professor Titchener bas pointed out) 
white (the composed, noo-proitive wiute) us alwys 
made out of yellne and bles. Colour vayon ix man 18 
sm a9 advanced stage. Onganally—in the enrbomferous 
umeswght impinging on the retina of the living 
‘rypniamas gave a senaaticn of white only. At what time 
in ths coune of devdopment the sensation of blac 
centered there 1, of course, no moans of knowing. Lang 
anges alter thus the light seuntive substance became more 
specific, the colour molecale became constituted of two 
tleavabie portons, yellow and bice. In the final develop 
‘meat of colour vision the yellow clervable partion split 
agua into two partion, these which give uu the red ad 
‘the green sensations, This view of the development of the 
colour sense had ita basis, af couroe, i the discovery nade 
‘by Max Schultze in x88r, and agaun by Pannead un 1886— 
‘that of the double functon of the visual elements (ihe 
rods and the cones) which parallels exactly their double 
structure; the rods are organs for whstenen only, the 
chromatic senuitions are the work of the cones, With 
‘his fortunate conception ana groundwork, it was posable 
‘te combine into one compacted whale :— 

(@) The very complicated facta of pertiol colour 
LUimisem, with sts deuterenopir and protanopie yellow- 
aud-bive ‘vision and its complete series of intermediate 
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sages, the protasomaloas and the deuterenomalous 
sper. 


(0) Total colsarbtndness, with st (very common) 
‘total faves! bEndne and with Uae (coanected) “ normal 
sight Bindnees of the fovea 

(e) The defects of ealoarviion in the periphery of the 
normal eye. 

(2) The calocr sense of animals: 
and many other of the eaigmatic characters of colour 

“All these thugs are beautifully accounted for in the 
{Senetic tetrachromatic colour theory anupated by Ladd- 
Franklin. It is us interesting fact that the ametoeath 
msgid world arta, Walnen and Sp) eal 

rganic wer ‘a ; 
Ihave also erived at a devdopmental explanation of the 
‘Phenomsesa of oaloar. 

‘4. Thelast enteron of « colour theory us concerned with 
‘the facts that rod and grees ght, when mized tn Proper 
Proportions, cocaitate a disappearing pair (that & new 
find totally ferent coloar-acamtion enoee, tat of 
{yellow}, and that yellow and bhie hghte also constitute 
* deppenring coloar-pair, giving white The Henng 
theory ennoerves the colos-eeneasons a4 being peman ly 
fx red and green ; yellow and bine; black and white, 
forming three antagonistic pairs; the ft two. pare 
ving white when their caastcveate are mised. This 
‘explana, after « fuahion, the dumppearance of the dir 
appeanag colourpairs, and we sould Beve been 
( be content wath ths explanation (itu far better Usa 
ne explananon at all—Helmbolts) if no mace all 
embencing theory had been offered. Bot there remain 
‘wholly wmecemary errors involved in making ted and. 
{Foe whe conitiniee (Gacy are yelow-constitatre), 
‘tad in mang black and whate antagonistic (they form 
the series of the winte blacks, or grep). The Henng 
‘heocy, however is utterly antagemetc ~to tha Young 
Heiaboltz fect, te witha? i-ceplor process a2 the 
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retina ft fail completely to abet the fint requirexamt of 
‘hia Hat, Bat just as mach xe Young Helmbotts theary 
‘als to meet any dad the frat coquitement ; for it there 
‘exts the sarin of the red-groecs as such there 36 no 
such thing as yellow. No more does xt account for the 
fact that yallow and biue maze white—for the normal eye 
‘an well a for those whe have yellow and blue vision only, 

All told, xia seem that the Young-Helmholte and the 
‘Hering theomea fail to meet the ” mlsianal requirements” 
for @ colour theory. 

‘The reet of us paper will centre around some of the 
riost recent teruture on the Iadd-Franklin theot 
‘The question of black as a sensation will be dealt with : 
Troland’s duscumon of the Ladd-Franklia theory will 
tbe summarized ; nad finally the cntena fer a colour 
‘theory advanced by Hartndge, and epplied by him to the 
‘one under consideration here, wil be set forth, 








0 
Ts Buack a Sansamiox ? 


‘For Ladd Frankhn years ago black was ‘a mack of the 
redeem the carta prin of the fetal AL 
"2 And the has recently restated ber theory of 

Euaces thas i 9 “as Melmbolts roped pececty, 
definite senuation, bat at 1 a constant, pennancat, 
‘background sensation which becomes evident and forms 
‘2 dual blend with any of the coloars (aot with white only) 

‘when they are fuint. It us « noo-ught-sessetion and. 
belongs mx different category from the light-sensations 
Michaels has briefly presented Dr. Ladd-Frankho 
‘ews oa Black as 2 coloar—a “ noo-light-sensation 
attached to zero stimulation, and of only one degree of 
inteanty".") Nefcld also fas an artde on the Ladé- 
Franklin theory of the black sensation. He pots cut 
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that m only one Jastance (that of Heng) 2 black made 
‘an essential part af any theary. He shows that bieck and 
‘white are far from canstituting, as mauntamned by Heng, 
‘4 Quappearng colourparr, but that they form, n fact, 
‘2 elmple ual colour-btend. ‘The reason we sce black is 
Decause breaks “mm the field due to the abeance of 
sunuling Lght, such as would occur sf we bad no 
Dinckneseseosetion, would be decdedly unpleasant, 
‘What would othermse be ‘cosmic holes 10 oUF opatial 
‘Geld, ab Dr, Ladd-Franklin fas called thm, bave boon 
‘obviated by the fact that they are fled up with a define 
‘on-Light-sensation, that of blackoass 
Ta 1ga0 James “Ward esverted that black 1s not a 
sensation at all, evermng hie pouton of 3905 ; be myn. 
" Lhave to confess that I was long aziong the aumber of 
‘those who championed the specific and pomttve character 
cf binck ax a sensation. Me. McDougall, who also 
now diments, as made 2 ke admaon 
Profesor Titchener engaged 1a. bailiant ditousnon of 
‘ts subject with James Ward im the columns of the 
Enitsh Jounal of Peychology—bat without effect. When 
‘the collécted paperu of the latter came out (Psychological 
sens), there was no reference whatever in it to this 
‘work of Titchener 
‘Asan example of the Hering powtion on the nature of 
Dice asa sensation, the articles of F.1 Datumick of 1920 
and 1925 may becited. He mauntsumn that there are 
‘to senen of greys which youn each other at an angle of 
fo degrees, and that 1 ane of them no winte 16 
[parcaptible, nthe other no black Tt s hardly necessary, 
however, to discuss this view at any length 
A brief examination of recent duscuston of the nature 
fof black ap a coloursensation shows, thea, that Ladd- 
Femkln chare: Helmboliz's view of blacknes an a 
nfnite senanton, 2 background sensation, and 2 non- 
Pry Rey, coe 1h 
Jom Wand Prec! Ponape, 190,» 32 
1 Bap Rew ass. em 3 
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laght-semation. It also poms tothe fllacy of the Hering 
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‘Trovaxp axp Tue Lapp-FRaxxiix THEORY 





eta « seems cubergtete, wash flora pret 
‘aralel to the light-sensitive molecules assumed by ber. 

‘wterables the hypothetical colour-molacale 
An that there are “ three cleavage peodncts, sy A,B, C 
much that Aand 5, and 4 and C, form mixtures, but when 
‘and C have once formed a chemncal compound, then 
that compound unites with A axd forms the chemical 
compound ABC—in ths case an ethyl chlonda”# 
‘Thus exactly parules the case, m colour, of blue, ¢reen, 
‘and red. Wa have the whole senon of the dustinct bine 


? 
t 





evelopmental theory of colcar vision a3 a resnation of 
‘the combed dificaltes of the Hebshoite and Hering 
1 Nac A. Je Pipe Op, a, ts. 
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‘views, The exposition is clear, emeise, and convincing.” 
He also calls attention tp the fact that “s chemical 
substance, a rosanline carbonvinte, bas been noted which 
(uno decomponition reacciona accurately paraleing Y202e 
of the completely diferentinted molecules postulated by 
‘he developmental theary".* 


wv 


Te Haaremox Carrera ano com Lapp Frama 
‘Tumorr or Covomn 
Like Troland, Hartndge readily adits the pro- 
femmence of the theery 28 far as calour theones of the 
present day go, but for um the theory 18 too simple, 
“Hartridge advances three czitent of « colour theory : 
(2) the abulty of the theary tw ft an wath all the known 
facts of colour vinon ; (2) it8 novelty , (3) x8 utity. 
‘He apphes theen criteria to the Ladd-Franklin theory. 
1. What about the alehty of thos theory to St m with 
all the known factaof colour won 2 Hartndge finds that 
tt certainly passes the test of the "" double function and 
double structure of the retina” (what Titchener has, 
guile sfctently, called ™ dual vison") As oe the facts 
of xmultantoas and aacceanve coatrast-—what v. Kries 
hhas aow called (a very usefal term) the " accessory facte” 
of coloar vittoa—Hartride as of the belief that these are 
to be correlated with cortical processes, and ao da not 
necesmrily need to be explained by a theory which deals 
‘ynth retinal processes only. Thss is « cunoos postion to 
‘ake, for whatever calla self a ~ calour theory” ought 
surely to explain all the elementary facts of colour ngion. 
Moreover, 3 has now been definitely proved that these 
pheouea ars of reizal ong. Excitation of the visual 
‘Spparats is now known tobe of two very differnt kinds: 
‘two exctahons, due fo diferent kinds of stimmalas, may 


2 Supe Ste Tey, toe, 
SPRITE ae ame sk dptty ty“) 
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Jook, a3 sensations, ceactly alike, and yet muy difier 
‘ton extmordinary degree—{3) ove may be followed by « 
egatres after-smage, and (2) the other net, Stimlation 
ty heh is alvays falowed by 0 negative afterimage 
a cenidoal image), but there are two other hands of 
stimalaton : (a) direct preamare an the optic acrve, and 
(Q} the action of the lactre cxzrent. A table of what 
happens follows — 


(4 Mypemmmes, ou date ce ("Vash By apm It 
"iaawtce kon ieued Nerve Pie 
‘Soman 8 Sept 157, 230-2) 


(1 mye ea_srth  e 
itt, dopesing oa eres 
nino tate 
AUat"tame ‘aled tha sbeee of Oe Ths emis the 
‘tush mage Pownce ot Oo 
veal Snape 


‘Te reason for that plain, Preswure ina reguler means 
of excitation of any nerve whatever ; when it exerted 
‘upon the optic nerve Sbres that ne the marface of the 
etna (and inal other caver), act ant acts everywhere 
ee, and there w no negative (” corspesseat ") effect. 
{easonly wheo the hugly specac lght-vesetive wibetance 
ve the end members ofthe cones as acted upon (end that 
‘an be done only by seus of light) thet there Is any 
posubiaty of prodncang the ingly specic negative after- 
amuge (esidusd sxage). A this, then, takes place sn the 
ret (and more specafcally in the end-members of the 
cones, 1m the ease of the chromate eftersannges), 
‘Nothing could be more miislactory than the Ladé- 
‘Franklin explanation of the readual image (aegetiveafter- 
image). As regards contrast, 1 bas bem proved by 
Frobch that that is simply the negative eftersmage of 
uhood light inthe eyeball, and the explanation of that 
14, of course, the sume ax the esplanaten of the negative 
vhterimage’ 

1 But meal th theory of conta oan by Mind Fok ut 
ste Plone dow Dae CL 
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2, The wok of Ferree and Rand on peripheral colour 
‘mon shows that red small are recognized a sock at 
freater distance from the centre AE are green, But 
Sonmecing (2 the theones of both Heung and Ladd 
Trann lr diferent reasons) rod and gresm shoud fade 
dnt together. According to the LaddPrankhn theory 
they represent a diferentiation {a specication) 1a that 
photochemical product whieh more prumstively produces. 
yellow. 

Tn reply to ts, Dr, Ladd-Frankn points out (¢} tbat 
the extrabe periphery ofthe retina ts nrgely ado up of 
toda that rod-nalon, which w wite in quality, baa ts 
‘xine intensity in the mdfraqomncy regan of the 
pecteum (the grees), and that therfore the green 
‘mubed by” te tame woald be, (sth place, qste 

“ drowned out" by the superabundant amount of white 
“ght mixed vp with :t. This would not bappen m the cane 


‘penpbery, moch aoomar than red. 

(@) But in any caze on the Ladd-Franklin theory, and 
‘on that of Hering, it 12 not Rad and Great that may dur 
appear together, bot the stable (icvarable) colours; 


Hage). Rand and Ferren seem to have paid no attention 
‘to ts feature of the fact that slnce red end greea come 
1m together, they ought also to go out together. Why 
‘the sonally invariable coloars are at the intersection. 
points respectively of the normal grom and Wwe, and red 
and tue, dusinbotion curves of Kéaig-Heimholts 1s 
perfectly endent to anyane who tales the trouble to 
study (in the light of the work of Kenig and Dieterich} 
the nature of red and green defect. 

(6) But agam it i, of couree, not when they are of uel 
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ergy that these coloars oaght to disappear together, 
‘but when they are of aqua colour-quonching power. (That 
‘vary necomary tae ia dus tm Sebaholts} When we mabe 
‘an even yellow by mizing red and green, we are very far 
from takmng a red anda green of aqua! ouergy. The most 
fandamental fact of coloar vinoa is that the reiction af 
‘the light-smntrve substance sx the retina to light-raya 
of diferent frequency ia specsfc. It in very sungular that 
‘this fact sboald have bem overlooked by Rand and 
Ferree—especially when the work of Hagg, and now that 
of Engelking and Zetsten, 1s accessible to them (see 
Paych, Reo., vol i, and Kin. MM. J. Augenbh,, 1983). 
(@ The colours which have been ‘pat on the markt by 
, of Berne, hava bees carefully prepared to moot 


‘become coloutes (achromats}. They owe th character 
40 the fact that, ax colours, they are of wuch relative 
rightness and satarboo that it takes exactly sem- 
cdreles of them on tbe colour disk to roxks a pure whute 
Small squares of r and g (the uovanabie red and green) 
tran into one uniform grey rectangle when they lose, 


‘2. Is the theory new? ‘Ladé-Frankiin ways this (in 
‘her frat paper on the subject of colour—Mond, NS. 2, 
Bigg} : "Tt wun while Iwas engaged in woting an arbcle 
to show that « certain theory by Donders was better than 
‘that of Helmboltz or of Hering, that it suddenly dawned 
‘upon me that a far better theory still was possible." The 
‘theury of Docders ooutaine the idea of partial dissociation, 
but it ia aingalar fart thet he does not goon to abow that 
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this conception lads at once to an explanation of that 
rat" enigma” of colour —wby the red-greens and the 
Yyellow-blans {anike the four other possble dual colour 
‘lends have sboolutely dnappeared. Donders, therefore, 
Goes unthing whatever ts unite the Helzelts face wilh 
‘the Hering face and to make them into one Feasoeable 
‘rd connstent whale, Hes, on the other hand, compelled 
ta my, sopiy, that there t= = fourfold proouts in the 
retma und ¢ Ghee fold procens «x the corten—e3¥. Kres 
tao reaches the stage of aflrmang that tary ve « Choe. 
fold procem m the Teta and "somehow ” a foarold 
process in the cartex'—withoot often any explanation 
of this cutious terpveratien oa the part of Nature. 
‘Whoever has any compretennon of the Ladd-Franicin 
‘theory, wath i sma thee fl procs the tight 
seman sudsonce of the retioa—immediately foloied 
(Gillin the tghtemaisve wabotance of the retina) by 
4 chemical ceetion Detween red and green which con 
strtater a reeraon to the more prawtive yellow, a 
gun by the reernen of whatever yellow and blos mty 
De preseat to the more primitive winte, wil 4 nt once 
how very far Uhe Donders conception i from raedhng 
the requirements of wn adequate colooe theory 

‘3, Has the theory been used? Hartndge says that 
the Young Helmboits theory expan the farts of colour. 
ratchiog and of complementary eslours a8 well a8 that 
of Ladd-Frankin, and that in the case of colour-bisndness 
father of the theones explass snythung. But this is to 
Siow a total lack of comprehension of the Ladé-Frasklin 
theory; nothing could be more definite than the 
‘explanabon which st gues of ll the fects of colear-defect. 
Redgreen Bindaes, os well as total chomatue bdo, 
a plauly an atavisbe throwback. -Hartrdge asks it 
‘te Ladd-Franklin theory ies led to as rauch research 
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1s the Young theory has doan, The theory of Young 
‘Waited Sty years before it roomed any attention at all. 
‘Tho reply to ths la that the fate of a ooloer theory (ax 

says of the fate of o yoke} les in the ear of 
‘him wio bears it. There are pleaty of things still to bo. 
Gucovered on the subject of colour, znd amy colomr theory 





Yody is interested am hypotheses (theones) ; some are 
contest with a piain diet of fact. But itis well known 
‘hat success theories of complicated ocuzrevces in 
ature are not only intellectually sutfying bat also most 
amportant guides to forther mvestigaton.” 

‘The Ladd-Franklin theory, based us st is upon the 
‘ctual facts of the development of the colour acne, bas 
served to bring those facts, hitherto too mruch neglected 
jn connexsoa with tbe soeatbc treatment of colour, into 
the foreground. They serve to raise the questsan whither 
‘we may not expect, in some dim future, the occurrence 
of & further differentiation of the colour sense in the 
irection of a ati) greater specificity. 

A Muntndge, “Toe Ladt-Praii Bypethada” Be J. Opt, 
oh mu 1, 


APPENDIX ¢ 
EXPLANATION OF CHARTS 


7TH view of tbe coloaramantons rermoented inthis 
‘book 1 have Muvtrated by & collation af coloured 
colour charts, This kuntergarten method of enabling 
‘one to bold is’ mind all at once the curiously complicated 
(apparently contradictory) phenomene of colour is realy 
Aulte indispensable ; without # one s inevitably Gsposed 
to abt the eyes to one cor the other halt of thee 
\—eather, that ia to aay, to the Flenng tacts 
Or to the Helmbolts facts ‘The fundamental fact 
msted upon by Hering in that, a lght-eenaaticn 
vilon is tetruchromate—there are fewr chromatic. 
smomuatians ; the colour are, if we take them in the order 
‘of their development, (a) wiste, () yellow and blue 1a 
‘addition (bat such that the yallow-bives revert to the 
‘white cot of which they are developed), (Q rad and green 
in addition (bot sach that the red-grems revert to 
yellow). ‘The Helmolts theory ie commonly maid to be 
a" thebromatie™ theory, but this ig to uae the word 
Aromatic In a totally wrong seman; what Helmbolts 
‘malstained (be Aid not mse ths term hima) an that 
‘three speniic ight trequencies sufice, whem mixed, to 
reproduce the whole gunat of colour. This should be 
expressed by saying thet light-seamstion begins with an 
Srila tr-rceptor procese—it as, scatter of fact nothing 
‘to say Nhoat thenumber of smestion-elommnts meparencod, 
by us after the revult of thus photochmnical process 
[s reached the cortex (phere sksne seastions of colont 
‘ocur). It is seen, therefore, that these two fundamental 
{acta (to each of which a whole series of fects is corollary) 
‘han wrongly been asmamed to be contradictory, ang hat 
they are both, when rightly considered, sbeckutely true, 
ms 
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‘Thay refer reqpectrraly to different stages of the visual 
‘provess—one £0 4 Sal stage and one to an initial stage. 
‘Both are fully sconpted by the evaluhon theaty of colour; 
‘hey constitite, im fact, two of xis three fundamental 
Ybulding stones. The third (omtted by all writers on 
ccalour) consists in the ecal development of the colour 
erase, 

11. Thus chart represents the frst crade analysts of the 
colour sense. The spectrum (and the world) is made up 
of four chromatic " elemests ”, as hes bees insisted upoc 
from early times—Leacarde da Vina, v. Brucke, Aubert. 
But recogrution of the exitenca of yeiow, and of white, 
since the tune of Young and of Helmholtz, we owe to 
‘the Lfedong labours of Heng. The amounts of the four 
hyomatic consttamts represented at each pot of 
‘his colour curve, due to Heng, are parely magwary. 

2. Tha Kamg-Helmboltz analyes of the plyncal 
ceonstitvents of the spectrom. Thos 1s exact, and is 
‘based upon matt paxnstalang work doae ia the laborntory 
fof Hekaholts. (See Korg, Gesametle Adhendlungen, 
and The Natuwe of the Colour-Senaatoons, p. 253 of thas 
book.) Where the three regions overlap white occurt— 
red, grec, and blue make white; the muddle of the 
spectrum (the greens) 1 whitish The introdection 
of the yellow band where the red and the green ordinates 
coimelde (equal colourquenching power, Hemholte) 
‘makes ths dingram reprsentatrre of the Ladd-Froskha 


Sheory. 

"this is the cther diagrammatic reprowntation of 
the Kong-Hitimbolts facts (ee the tnangle oa p. 138). 
‘The color spectram (fom red to & slghtly Teddi 
bite) when completed By the red-bises,T propese to call 
the calargamut It is far more Wlumiative of the 
eal state af things than 19 the spectrum by stzelt. Tn 
‘his dugew caloors at the extreme of a ine draws 
‘rough the whitenese-pat ae conplement-colbars 
if mixed in the coven proportion repremated by the 
lines consectng them to the wiztmestpaiat 
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44 Thus dagram represents the Qaypothatical) develop- 
ment of 2 molecule of the ight-emative subetance in 
the retina, Its moclus a5 tepresmnted im black, a 
stage )—earbomfeross tases, the totaly ealourtind, 
‘and normal scotopic vanon—te cleavable portion of tha 
olecule ia ept off by vanbla hgh of the whole spectrum, 
snd the sarsntzn that Eoally resol sn wists; 0 stage (2) 
“the ‘bees, the parbally coloorblind (dichromate 
iaoe), ead the normal eid penpbery of the retina 
thin leevable portion ix diferentated up into yellow 
tnd blug but thee colours ore ouch that what sbould 
De the yellow blues cevers to white; m etage (3) ted 
snd green come tn, but they too revert, when ‘mixed, 
to the more pnimtive yelow. By the ezine bypothens 
‘oth eamplementation and the development of the ealour 
sense (blue and seliow in the mide stage) are explained. 

‘5. The actual development of the colouraense and the 
(Wheocesca developient of the hght-seasctive colour 
molecule (the cheavable poruon only being. shown) 
tre here cepresnted ede by sede 

6, The light-oeative molecule which under the 
lamer of spc lyht-rays undergoes pasta daca: 
ton. When gren light and bive ight snke vt together, 
‘the doa! ealoor-biads (he grem-bives) are expmeneed 
‘under the anluence of red Light and blue Iybt together 
‘the red-bisea (the purples) socur; but when red lyht 
and green ght ll together upen the retma, what 
Inappeos ? Tnviend of our seg the red-green, these 
feo merve-cxatants at once unte chemeally anto the 
uliog perveenstant out af wisch they were éifleentiated, 
‘and what we we yulow. (A purfect dunmeal analogy 
for this otherwme sperplcable event—tbe reveruon 
of the daappesnng rid-groms to yellow—wall be found 
tm a resaniane carboxylate, p. 268 of tbs book) 

7. Tie dtiacton spectrum {oot datorted by the 
excesnve dupernon whch the prima spectrum elects 

he high iewgueney cad) and st aftarimage {rcodaal 
fnnage). No oe woo has once seen tho beautiful 
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‘as ae 0 complemonsiriad (the grext dimovery of Thomas 
‘Young—soe Figare VI}, and the resideal image after 
rod light hag struck the retina ut blue and green, or 
‘Dine-green; after green Het has atrsck the retina it is 
‘oe-ted (purple), as the pictare shows ; but the comple- 
‘pent to blue 38 yellow, the complement to yellow is bine. 





The upper coloorriangle here fepresants the 
final teteachromatic colour Geld of the normal humen 
‘ey, with also the (four) daalcolonr blends (the yallow- 
‘isen and the redegreeas which we shooKt also expect 
‘tosee are wanting). Te lower yellow acd hive tangles 
represent the colour elds of the two types ofthe partially 
cdourblinds—the dichremats—and also of the Boman 
mid-periphery asd of the Dees. These two types bave 
Yea called by v. Keies respectively protanopic and 
Gevterenopic, but the In a md me-ceming—nolhicg 
fo wanting : "the “red and "green ” sre both there, 
Tuto an waditerentiated condibon. Tam obliged to cal 
‘Bunn two types the desteroxantine and the protaxanthic. 
“The sensation ls yew in both cases, but the dibaton 
of the yellow is that of the nocmal ~ grees 1 the first 
cave and that of the normal “reds the second, The 
sormal human mud-penpbery i of ts Iatter type— 
‘hares no ahortenmg ofthe spectrars, the bees, 02 the 
‘other hand, lack the “red distrbtion-curve—they 
Ihave a abortened spectrom; dichromate bumans are 
fof both typen Tt i thus complete coinetence of the 
yellow distribution curve of them defctives with 
fespectively the “rea” or the “green” of the normal 
fmuman eye thet gives suck raguiicest couficaation 
of the (oormal) distsbution corves of Kénig (cee foci 
ta. 

For the intermediate cose of colour defect the names at 
+. Kiier—protanomaloas and denterocamalont—may be 
retained. 
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Tux Davmtonicaxr oF max Co.ove Sans 
(Fede Fromteplos) 

robes, in Bis admirable compendiam of the present 
state of our knowledge im poychokey, says that be 
Thus not, an his book, cousdered the development of the 
prychieal fooetions,” That may be, perhaps, a correct 
Procedure iz all other parts of peyeaalogy. but in the 
ubject of colour-senstion tis x fatal elect. The €0 
Iitherto muconael Uheorins of colour ate tose of Hering 
nd of Helmboliz; each of them expiams, und ia bused 
Upon, facts which axe totally sebvenive of the other 
According to oe, vines w temchvomats ; eocording 
‘to the other, no mace thas three spect wavelength 
uma, “red,” gran. and “Boe,” are saficent 
to. reproduce the whale gamut of colou—yellow 
tnd white demand eo addsboaal stimulus, but make 
themmelves, ‘Thy the phyaichts exprem erooexmly 
by saying that vision iv trichrome. Each of theee 
aes of a colourtheory 8 tree wa sel, Dot they are 
at tho sams time mutually contradictory. It is only 
inthe light of the developeent of the colour-sase that 
they can (oy what Hegel might have called 2 higher 
synthesis) be tectocled Tis therefore of extdinal 
importance tot vaio should be studied rom the 
beginning tx the ight of the well kacwn development 
a the colouracate, and for tas reason this develop- 
sent uw roprevnted in the frontpiece of this book 
Tewasa plat artat on the Naw York Word who produced 
foe me the accompanying pcture, in coloor, of this 
devalopment. In Cacboniteroas tues, whan thers were 
2o coloured biels aad no coloare Bowes, 4 colout-teame 
‘would have bees of 20 wie to the low animals which 
Cnated—tiele vaion was achromatic (Thut af the cat 
fad ot other night-prowing anizals is achromatic still) 
Tn the Cretaooous penod came in together bees and 
coloured flowers. But the bes, as bas been sdmicably 
snide ont by ¥. Fisch, see two colown only (yellow and 
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bhue)—ldke our own atamnc partially colozr-iind 
rndividuale, ther yan m dichromate. With, bas, 
Zest mammals and cerca! baman bemgs, yellow bas 
feo terentated into red and. green vison bas 
become tetrachromate. Its only x soe keeps in mind 
this development of he colouncense that one mnder- 
stands (@ mow exiuordary fact) Bow it i that Tod 
find green when piyscaly aed revert t0 thet out of 
which they were developed—aamely yeliow; and that: 
Fellow aad Be for what a the ance thing, ret aod 
Freon aod bine) fever when physeally mad ta the 
‘inte out of whack they ware Gaveloped, Ia thar way 
[ebecomes comprebenable tht the reds qreens vai 
and produce yellow—that the bluuh-yellows (wich no 
‘human being baa ever seen) vans and prodace white. 
‘Toke whole. phenomenon of the diappearance and 
‘appotrance of colours is thus easily explained as a 
Sai chamal mation betwee pote rect 
{the cet 

‘Night prowhng enimals baa been shown by Abaliort!* 
(by the method of mearariog the diameter of the pupal 
to be touily colvunbind—to have achromale’ viaod, 
“The eat 1 made bg im ths yacture because whe 2 much 
pm important part of the anguosest, 
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